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'ABSTRACT o« -
This workbook provides a fill-in-the- blanks approach

to an- energy conservation.program for schools which lack fullﬁ¢1me‘
"engineering pérsonnel. The generallzed approach given here .is not as
detailed as an energy audit, but it allows school admlnlstratqms,
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and to determine’ energy comservation steps and estimate sawings in
accordance with U.S. Départment of Energy Class C Informa n ‘Audit
procedures.\The four chapters present: (1) - no cost mai nce and
operation changes; (2) example problems for determinin ngs of

energy conservation measures; (3) 1lists of energy conservation
measures; and (4) how to *‘prepare an energy conservation plan for your

school. (HR)?
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- . % FOREWORD

L .
3 - e

This workbook has been prepared for use_by State Energy Offices as a
tool in assisting schoal administratbr$;7and maintenance managers in
performing Class C information energy audits to identify energy
congervation measures. ' N

This workbook is one of a series of eleven (11) workbooks for different
types of buildings; one each for .apartments, bakeries, die-cast plants,
. educational institutions, hospitals, hotels and motels, offices,
\ resﬁ_wf“.ts; retail stores, transportation terminals, and warehouses and
stordiges facilities. In addition, a two-volume instruction manual.has
been™prepared to assist energy auditons{in performinc Class A energy , s
audits? b . ’

. Fuel.and Energy Consultants assis%$§ in the preparation of the workbooks
and the States of New Mexico, New York, Michigan, Minnesota, and Texas
participated -in a field test of the workbooks. Their participation and
invajuable ggmments and suggestjons are deeply appreciated. . )
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While the recommendations and examples contained in this workbook have -~ )
been reviewed for technical accuracy, the U.S. partment.of Energy, . .. .~
jts contractor; and the State Energy Office are -liable if potential”
cost savings identified as a result of using tst workbook are not . =
actually achieved. ) : N
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While all qﬁ%inistrators and maintenance managers of-schoo]s:sth to do
their part by conserving energy, they often over]qdk the positive impact
that energy conservation can have on~;hejsggperatgng budgets. .

.. In a typical school, jt is possible to save as much as 15% of utility
- .. costs. through common sense actions without any appreciable capital,
- '_ expenditure. (A .school is considered typical if the original facility -
was built 20 tqoio rs ago, with wings and other additions added over.
intervals up to present.) Even if a-building was built after 1976,

it .is still possiple to find many opportunities to conserve energy.

.‘As the’ administrator or manager, you do not have to be-an engineer to
identify those‘tareas where energy and real dollar savings -can begreal-
‘ized. Just kéep in mind that, up until about 1975 or 1976, energy f
conservation was not a major factor in the design of the facilities.
Look for the obvious -- and -that.is the purpose of this workbook:,
finding the obvious savings through an energy audit.

The first obvious' thing tq_lpok,at is the lighting.  Are the hallways, -
classrooms, lobbies, kitchemns, caféterias, mechanical rooms, and'nones-
sential areas overlighted? | Common sense will tell you which areas are
and good guesswork can enab}gﬁxpu to reduce the number of lamps in the
excessively bright areas. Sihce fduorescent lamps use much less energy
than incandescent lamps, it is f isible to replace incandescent lanps
with fludrescent fixtures, wherefpossible. If a mechanical room has
only incandescent lamps, good ;econiomic sense, té€11s you not to replace
the lamps if the room is used only one or two hours a week. Just make
sure that the lamps are turned off when' the room is not occupied. For
that matter, turning off lights when not needed is an obvious goal.

AN

. The workbook will show you some easy ways -of determining how much energy
can .be saved by turning off lights.- For éxample, if your maintenance
people read the main electric meter daily at six in the morning and at
. nine or ten in the evening, you could easily see how much electrical
. energy you used during the day and night hours.. To make the comparison,
" = calculate the kWh per hour used from.6 a.m. to 10 p.m. and the kHh per
o houe. used from 10 p.m.. to 6 a.m. and compare the two periods. ~ If you
th  find that there is’ not a dramatic reduction in the night time consump-
©  gion, you may discover that certain ‘1ights (and electrical equipmentg

are being left on when they're not needed%\ ) - : _
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Consider another obvious thing which will=be brought out in the work-
book -- "domestic hot water." The hot water used for showers and
> washing by the students and staff should not be over 105 t0-1100F. Do
= - you-have to mix cold water with hot water at the taps and shower heads
to adjust the hot water temperature? Or, (ask your maintenance -person-
nel) is your domestic hot water cooled through an automatic hot-cold N
‘water mixing system prior to delivery to the points of use? .If so, and °~
. -. your facility is typical, your hot water system js set for 160 to 180°F,
, perhaps less but considerably,more than 1100F. By lowering the tempera-
ture control to 110 to 1200F, a"significant energy and dollar savings -
can be realized. ) y ¥
If your heating, ventilating and air conditioning system (HVAC) is
typical, did you know that you probably havé your chiller (air con—
-ditioner) operating when the outside temperature is only 50 to 550F?
Why? Because that is the way that most HVAC control systems were de-
signed before the 1974 Arab oil embargo. The systems are designed to
mix fresh outside ‘air with hot returned inside air 'n a mixing chamber
‘and adjust the mixed ‘air's temperature by cooling to the desired thermo-
stat control setting. There is no law that says the chiller must oper-
) ate when the outside air is 550F. Change the controls so that the’
- chiller will turn on at say, 63°F instead. More fresh ajir will be
brought in and more inside hot air will be rejected to arrive at the |
proper mix. Your maintenance people or your HVAC contractor can do this
'for you. What do_you save? The usual large school will have 380 to
. 500-ton chillers. When the chillers operate over the 50 degree to 63
degree outside temperature range, they may operate at 1/3 to 1/2 of
‘their designed ratings. When the chiller is operating under these -
conditions, the hourly energy cost js about $3.50 - %7.50, depending on
the rate‘schedule, plus demand charges plus fuel adjustment charges plus
tax. The savings-are obvious. - . .

The purpose of the workbook is to bring'“the obvious" to your attention.
This can be readily accomplished by you through filling out the form and
following the examples given in the workbook. You will be surprised at
how many items you will fjnd that will offer you savings.

Some of the .sections of the book will not apply te you. For example, if
your facility burns only gas, ignore sections of «the form which are
directed towards oil or ¢cal.. If your school do not:have a boiler,
skip that section -- and so on. Make every effort to thoroughly under- .
stand your utility billings.  When .in doubt, do not hesitate to call-the

utility -sales representative and ask for a full explanation. They will

. be glad to cooperate. : P - ‘
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1. MAINTENANCE AND OPERATIONAL CHANGES......eeess-. . page 3

This chapter is comprised of operational and
maintenance changes which may be incorporated at
) -essentially no cost. These changes should be
/ : L implemented first in your energy conservation
program because’phey save both energy and cost.

2. STEP-BY-STEP EXAMPLESI..... e e «.....page 16
‘ )

. Chapter -2 illustrates a fewitems which can save
2 - ' energy and money. Each item is accompanied by a v
fill-in-the-blanks problem{so that you can .
. determine if.it makes economic sense for your -
y : " school. - :

" To work out the problems, you must first i1l out
the Energy Management Form in the beginning of
. the chapter. The Energy Management Form will
, enable you to examine the energy costs and
consumption fer your building.

3. ENERGY MEASURES.....ccvseneecnoaasess eeaiane eeeeritieaeaaaee page 58

A more complete list of energy conservation

measures is contained in Chapter 3. These items

will require an initial investmgnt of capital in

order to save energy and money. Although space

doesn't permit a fill-in-the-blanks sample

problem for each measure, many ' of the opportunities

' ¢ described in Chapter 3 parallel the worked-out

! r samples in Chapter 2. If a new calculation is

v involved, you may need to get technical assistance i
" to arrive at the estimated savings and payback
period.

4. THE ACTION PLAN........ccee--- cesscsces teeecesssecsassasasesens page 75

This chapter offers a suggested follow-up Action

% Plan to make the energy sayings you have accom- .
plished both visible and ongoing. A worksheet , * .
has been ingluded on which you can jtemize and ~/
keep track of the Energy Measures and Maintenance = _-
and Operational Changes you have implemented. B
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" , .
This workbook describes some simple methods by which the administrator,

~ maintenance marlager, or operator of a school can analyze energy uses,
determine areas in which .energy savings can be made, and estimate the
magni tude ofﬁcost savings in accordance with U.S. Department ofiEnergy
procedures desg<ibed as Class C Information Audits. Y

= The workbook provides a do-it-yourself, fi11-in-the-blanks approéch to-
an energy conservation program for schools which do not have full-time Q
engineering personnel. Of necessity, it_is a generalized approach®which ¢
cannot be as detailed as an energy audit conducted by an engineering
team. ’ Yy : \

N

Although this workbook emphasizes the energy-intensive processes and
some of the recognized areas of .energy waste in schoels, it should be ‘
used selectively because each building has its unique energy-use - patterns.
If a particular suggestion does not apply tcg your school, read on; the
next one probably will.
~ ~ Start the energy audit of your school by assembling energy consumption
data for the ﬂast;]Z months. Your gas, oil and/or electric bills are a T,
good place t¢ start.. -If you haven't already summarized your building's
energy consumption needs, you may wish to use the form in Chapter 2 for
this purpose. 'Record both price and actual consumption. You can tell a
lot about your building(s) by examining. the mégth]y records. For example,
s if electric usage is lowest during some months, it may well be that
usage is a basic minimum including lights and hot water. If oil consump-
. tion goes to zero during July and August, you can be sure that the oil
t is being used only for hiating. :
Next, make yourself aware of your schoo¥*s geographic location and site
conditions. Obtain from your library, utility, weather station, or
State Energy 8ffice -the average monthly degree days and the past
12 months of degree days for both heating (winter) and cooling (summer). .
These c]imate]condit§gns will be useful in many ways, including identi-
fying the magnitudes of oil consumption for heatirg and electricity
consumption for cooling that your school may need. .You will need this
information to fiT1 out the Energy Management Form in Chapter 2 and,
: subsequently, to work out the problems in that section.
The next step in your energy audit is_to have_your school's description
N at hand -- the building size, floor plan, general condition, insulation,
type and size of windows, wall materials, roofing material and roof
size, doorways, garage, aqd any other aspect of your building that may
lead to an understanding of its basic construction. Obviously, a set of
building plans would answer this need very well.
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Next, list the heating pi
equipment and lighting fi
administrator or manager,
systems are the biggest e

(\ “‘.

ant, air-conditioning equipment, electrical .
xtures that are controlled by you, the school's
rather than by students and staff.  These
nergy users in school, and you:will want to

understand them to help ident{fy means of maxing them more efficient
with the aid of this workbook. L -

This completes the “inform

~The information will prov

school as energy efficien
permit.

Chapter 1 will provide su
to increase your.school's
aOperationa] Changes .~

nergy Conservation Measures that will make your
t as your time, budget, and enthusiasm will

3

ggestions that will enable you, wHholt cost,
present energy efficiency by Maintenance and

\ %}
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e CHAPTERL
" MAINTENANCE AND_OPERATIONAL CHANGES

|

: - <«
By diligently following a maintengnce program, a school, administrator,
_or maintenance manager can conserve a subs anttal quantity of energy by
maintaining the building.at its optimum desiigned conditions. Energy
saved as a result of Such a program is obviously dollars saved, since
1ittle or no capital investment is required. b - '

To conduct a continuing energy consegbation/m- ~ >-ance program, a -
checklist of items to be done on a regular b .aould be set down and
followed faithfully. This section of the workbook is in the form of a
checklist that will aid_in jdentifying maintenance and operational
changes that will result in energy conservation. "

[ - .

The general energy users in a- School have been categorized into headings
such as space heating, air conditioning, ventilation, etc. - Under these
broad categories the pertinent maintenance ahd operational changes have
been 1isted. . s .o o

rFd

- :

Several. of the items listgd have been shown to be particularly apr :-
cable to most schools since they result in the quickest energy anc
dollar savings. For reference they are as Ffollows (they will also
appear in theirrespective functional headings in this chapter):

1. Lower the thermostats during the heating season and‘raise ther
during 'the cooling season. You\gan«save about 8% of your
h

heating fuel bill by lowering t thermostats a me~: Tive
2. degrees. . .

2. Set back the heating season therﬁostats 100 during the night,

3. Examine the entire building for air leaks around windows, dcors
and any place that they might ogeur. Seal up the leaks.

-4, Remove unnecessary: 1ights in hallways and classrooms.
5. Lower the domestic hot water to 110°F.
6. Make the monthly energy consumption and cost data available to
the administrator and maintenance manager so that they can
evaluate and compare against previous month§ and normal budget.

7. Invdlve the faculty and students in the goals of energy conser-
vation. . .

8. Turn off the cooling system during the night. Use ventilation
air to cool the building. :

o ’ _
45%\\If there is a pool in the building, turn off .the filter and
heating system at night. o



™~

: L e T : ' _
After reading through the check 1ist pick up a pencil, put on your
walking shoes, and start walking through the building. Examine the

. Suggested maintenance and operational changes that pertain to your

facility. Make notes as you go along. Accomplish the items that can be
done immediately, then explore the possibility of doing the other steps
which may require more information or advice. Start incorporating the

"applicable preventative maintenance items into a regular program immed-

iately.

ra
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Redfice the use of hea
are used infrequently or

Turn off héating &r cool
occupancy. ' .

seasons represent an ene
tioners are running. Ma

Make the monthly energy

- the school administrator
can evaluate and compare
budget.

Involve building staff w
each individual has resp

Provide.a temperature CO
crew that will give them
heating and ventilating
Include optimization of

‘Conduct a survey of the
to determine the actual

Change the 'spring, fall
to operate heating, vent
- hours on- the‘day cycle.

ST OF MAINTENANCE ANp: OPERATIONAL CHANGES
ting @ﬁd Eﬁ

. /
. .Windows or ‘outside doors

L]

. o ™~ [

3, - . '

- —: T 7 \_‘.-:_4'/(

01ing systems in_Spaegs“wbich v
ods of.time. BEERE W

¢ half hour of/

w z

-~ -

only fer short peri

ing systemS'during-the/las

left open during the heating or cooling
0S5 if the peaters or aif condi-

ray 1 .
ve they ape_shut.

ke su b

i . LN
Consumption and Cost data_aVa11a51é°to

or regional administrator so that they
against Pr&Vious months. and normal

F -

~

ith énergy Cﬂnsefﬁgiﬁon measures SO that
onsipility- ! .

ntrol training program for ' the maintenaggef’f*””—
a thoroudh understanding of how the _ :
systems Were designed to operate.
energy Vi2 temperature control.

v

tota] building on

a space by space basis
energy neecs. - ‘ '

and winter day_nigé; timeclock setfings
ilation, and cooTiRg equipment fewer

‘Disconnect all refrigerased water fountains if acceptable to

staff.

10. Be certain that all operable windOWs haye sealing gaskets and
o cam latches that are in proper working order.
te building, consider turning off

If you have a heated‘poolvin t C
and back on an hour

the heater and circulating pumps 2% Night,
before classes begin. -

11.

f regarding opening and
doors. closed whenever

Establish rules for all building staf
closing of doors, directing them O keep
possible. :

12.

o
5 L)

1
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.7 13. Inspect electrical contacts and working parts of relays and
- "~ _maintain-in good working order. - -
' - } ‘\. . ~ R . . : \‘l F
v~ 14. Caulk around door frames. - R

) . 15. - Cautk around window frames_{exterior and interjor) if cracks are

EVisjent._ . - - ‘_ @+ i . ’ N '
:‘,' '/ . : 2 .‘ '-' . r.‘ . . . . - .

- 18&; Control the building electric load demand sb that no excessive
. S peak will be experienced. - 5

i7.’ Close off unused areas and rooms. Wﬁere-possib]e, be certain
at blinds_or other shading devices are drawn, registers '

- JClpsed, etc., . - .
o /7 k ' '

- \ 1%/5 s¢
- “fLl

~Schedule opérating, maintenancetand-c]egning to overlap more
with normal working hours. or when daylight is available and
- sufficient for the task. T -

ducts and access doors in equipment rooms to minimize |
passing of hot and cold air. '

Provide- adequate preventative maintenance on- power distribution
equipment_so as to assure minimum power loss from loose connect-

ions and/or contacts. .

B. SPACE HEATING - GENERAL

1. Lower the thermostats during the heating season and raise them
during the cooling season. If your building is 1ike most, you
can save about 8% of your heating fuel bill by lowering the
thermostat(s). a mere five degrees. . L

‘2. Set all thermostats at 68F gdr less for winter space heating.

3. - Surfaces of>radiators, convectors, baseboards, and’finned-tube
heaters must be kept clean for efficient operation.

4. If you use hot water fof—heating, reduce.the'space héating hot ~
water téemperature to a level that will Just satisfy heating

~ needs. | | .

5. Set back the heating season thermostats 1QOF during the night.
Up to 6% energy savings are achievable. = . .

; 6. Inform teachers and bui]&ing operators of savings by closing
: drapes and shades at night. ’ : . -

7. De¥érmine if all installed radiation is really necesséry,
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9. .Do not héat parking garages. . -~ ;
10. Do not’héat s;oraée rooms unless it is necessary for protectiaﬁ' a
- -of_stored contents. ' . S .
11. Inspect o0il heaters to ensure’ihat 611 témperatures‘are being ' -
. maintained according to manufacturer's or oil suppliér's.recom- - -
mendations. 4 : : Ty,
12. If you have infrared heaters, check7i04see if the reflectors aré-
beamed in the right direction, and the surface is clean. -
<~ ; ) : . LT
13. Check automatic temperature-control system-and relatéd control
valves and accessory equipment to ensurg, that they. are regulat-
“ing the system properly. - ' K T
14. If you have a coal-fired system, check stoker(s), grate{s) and

C. SCHOOLS THAT USE BOILERS FOR SPACE HEATING

s 4
- ~ -
. -

Shut off (or remove) heating units;froﬁ vestibules, lobbies, and
corridors. . oo , . - -

controls for efficient operation. , o
- | S PR

- .

<

1.

If you use steam only for space heating, shut off boilers in the
spring.and fall when-the air conditioning 'system is on and tem-
perature control is not needed: - 2

If the boiler has a natural gas standing pilot, turn it off
during the summer months when the boiler is off. ' )

If two boilers are used, leave one off during most of the winter
heating season and perhaps during the entire season if one
boiler is capable of carrying the entire load under design
condjtions. A single boiler carrying the building space heating -
Toad will operate at a higher annual efficiency than two boilers
dividing the load. : B

7 . . .
Keep a daily log of pressure, temperature, and other data ob-
taineéd from instrumentation. This is the best method available
to determine the need faor tube and nozzle cleaning, pressure or
linkage adjustments, and related measures. Variations from
normal can be spotted quickly, enabling immediate action to
avoid serijous trouble. On an oil-fired unit,;indications of
problems include an 0il pressure drop, which may indicate a
plugged strainer, faulty regulator valve, or an air leak in the
suctiomtine. An oil temperature drop can indicate a tempera-
ture comtrol malfunction, or a fouled heating element. On a
gas-fired unit, a drop in gas pressure can indicate a drop in
the gas supply pressure, or a malfunctioning.regulator.

.
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6.

9.

5.

<

I > N S . . | )
" Observe the fire when the boiler shuts down. If the fire does
not cut off immediately, it could indicate a faulty so]eno1d
va]ve Repa1r or replace as necessary. 5

‘Inspect exhaust stacks. They shoulg-not/be giving off.smoke:
Jf. they are smoky, it probab]y indicates that a burner adJUst-"

: ment is necessary.

0.

.P"

15,

. 6.

17.

}

11.
oz
13,

14,

3
Cons1der e11m+nat1ng a hot standby bo11er, since in many cases,.

Sa bo11er failure will not gause serious hardships.

Inspect zone shut-off valves. All should be operab]e 50 that o~
- Steam going into unoccup1ed spaces may be shut off. | -

&t &= -,
Operate on]y the heating water pumps necessary for red/ired
heat}ng . . _

Check and repa1r oil ]eaks at pump glands; va]ves, or relief
va]ves

“Clean mrnera] or corrosion build-up on gas burners,

Inspect oil line strainers. Clean or replaCe if dirty.

Inspect nozzles of oil-fired un1ts on a regu]ar basis. Clean as

' necessary.

. At the end of the heating season, or when-a rise in the stack .
tenperature occurs, inspect the fireside of the furnace and
water tubes for deposits of soot, flyash and slag (molten ash).
“Also .examine the fireside of all boiler insulation refractory,
‘b(1ckwork and casing for hot spots and air leaks.

:Measure w1th the gas meter the fuel consumption of the boiler on’
manuaT vs. automatic firing. During moderate temperature periods,
. the manual low fire setting should result in the b011er operat1ng
1onger periods of time at h1gher efficiency. :

AdJUSt the boiler so that dur1ng the spring and fall it w11]

come on line at low fire and stay on low fire until the heating
regyirement is satisfied. The boiler will cycle less often and
maintain a- h1gher overall annual efficiency w1t§ this procedure;ﬁ

Reduce the amount of fresh a1r admitted to the bo11er room in

, w1nter (Do not choke - bo11ers, however. ).
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D. SCHOOLS THAT ARE ELECTRIEALLY HEATED

i

1. Keéb heat transfer surfaces of all electric heat1ng units c]ean
and unobstructed.

-

2. ’Keep'a%r movement in and out of the eIectric units unobstructed

o

S Inspect e1ectr1c heat1ng elements, controls and, as app]jcab]e’ -'?1”":.’

> fans, on a periodic bas1s to ensure proper ‘functioning.
- 4( Lower the thermostats durang the- heat1ng season and raise the
thermostats during the- cooling sedson. i If your building is 1ike i
} most, you can .save about 8% of your heatang fuel b111 by 10wer-
ing the thermostat(s) a mefé f1Ve degrees. -

< N N .

E. AIR CONDITIONING SYSTEM’CONSERVATION
" 17-
1. Raise room temperatures seasona]]y by steps to match the 1n—
g:eases in outside temperatures. , ,

o

2. Shade windows from direct sun- from April through October._

. 3. If your central air conditioning system does not have a hot deck
or reheat c01I, set the thermostat to 780F in the summer

4. If the system has a typical arrangement of hot and co]d decks,
have an air conditioning technician adjust the, system to main-
ta1n optimum operat1ng cond1t1ons. o

S

5. Operate one of multiple compressors and ch1]1ers at fu11 10ad

- rather than two or more at part load. -~ .. ‘ e

7

6. Do not cool bu11d1ng when it is unoccupied. - jf;i-'.- '

7. Operate only those water pumps needed to maintain f]ow-vo}é;e i
where multiple pumps are installed in parallel. This would ‘

apply to chilled water pumps and condenser water pumps.

- 8. . Shut off the secondary hot water pumps 10cated in-the a1r-
hand11ng units dur1ng the spr1ng, fall, and’ summer when heat1ng

is not required. : . : n
. ’ ) 7
9. t:;?\qiff¥an b]]nds or drapery as 1nter1or shad1ng dev1ces i

N 10. Reduce or e11m1nate air . Ieakage from duct work and from around
‘coils. : . o

11. To maintain an ef?icient-system, fans shou1d be cIeaned'annuaIIy;

12. Operate only the ch111ed water pumps and coo]1ng tower fans
necessary. _

-
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13.

. 14.

15.

~  16.
17.

18.

19.

“

gy
e
o

20.

21.

22.-
_//'
23.,

-~

~N o

Elevate chilled water temperatures when humidity conditions

-
\.
-—
Y

-

" permit.

Y

'Check the gnergy efficiency ratio (EER) of new air-conditioning

- units. Mdst older units have an EER of 5 or 6 Btu/watt, while

newer units are rated at 9 Btu/watt and higher.. Example: An

old one-ton unit with an EER of '5 uses 2.4 kW of electricity SN
compared to a new ome-ton unit which woyld use only 1.3 kW. - -
‘This represents a 45% reduction in electricity required.for the

new unit. . : '

- : N ) ‘ e ) .
Turn on self-contained units, such as window and through-the-
wall units, only when needed. Turn them off when- the space is
to be*unoccupied for several -hours. ' N

Set the deimand limiter on the chiller at lowest setting that
will maintain; the building temperature.

Inspect equipment for any visual changes. such as-oil spots on
connections or on the floor under equipment.

Consult with manufacturer to determine if cooling equipment can
be shut down when outside temperatures-are be1ow.certajn Tevels.

Establish what the normal operating pressures and temperatures
for the system should be. Check all instrumentation frequently
to ensure that design conditions are being met. Increased
system pressure may be due to dirty condensers, which will -
decrease -system's efficiency. -“High discharge temperatures are
often caused by defective or broken compressor valves.

S

Reduce hot deck temperatures, and increase cold deck .té pera- -
tures as far as humidity requirements will allow. While this
will lower energy consumption, it also will reduce the system's
heating and cooling capabilities as compared to current capa-
biTities. o ' :

- g

- Inspect the 1liquid line leaving the strainer. - If it feels

cooler than the 1iquid line ‘entering the strainer, the strainer
is clogged. If it is very clogged, sweat or. frost may be visi- ,
ble at the strainer outlet. Clean as required. , S

Inspect tension and alignment of all belts and.édjust~as neces--
sary. T oo '

Observe the noise made by the compressor. If it seems to be ex-
"cessively noisy, it may be a sign of a loose drive coupling or
excessive vibration. Tighten compressor and motor on the base.

If noise persists, call a mechanic. 7
Where applicable, -lubricate motor. bearings and all moving parts
, according to the manufacturer's recommendations. -

-

\!'



. . . . -‘4 e
N . . . > . --~ -; .,
. .. B

-

. 25. Keep condenser c011 face cﬂean “to perm1t/proper air f]ow

4

. 26. -Inspect a1r,1n1et screen, spray nozzie of water d1str1but1on
hoTes, .and pump. screen. Clean as necessary. :

‘27. Follow manhfacturer s gu1de11nes for f4n and pump ma1ntenance..

- 28. Clean condenser shell- and tubes by swabb1ng with a suitable
: brush and flushing out with clean water. Chemical ¢leaning also .
" is possible, "although it is suggested that a water treatment
company be consu]ted first. :

29. Perform tests to determ1ne if so]1d concentrations are be1ng
maintained at.an acceptable level in cooling tower. ;
. v Q
30. Keep- the coo]1ng tower c1ean to minimize both air and water
' \p/essure dr0p ' : | .

gi;;‘lnspect spray—f111ed towers or d1str1buted towers™ for proper
. nozz]e performance " Clean nozzles as necessary.

32. Inspect grav1ty d1str1buted tower for even, water depth in d1s-
tr}butaon basins. .

33. C]ean evaporator and condenser co1ls in-window “units.

34. Ma1nta1n a11 equ1pment to operate as cldSe as: poss1b1e to its
or1g1na11y des1gned cond1t1ons .

35. Check voTtage, Fu11 power vo]tage is essent1a1 for proper
o operation.\ .

+ . [ 4
‘

F. VENTILATION ‘ - Voo
£
1. ﬂ@gt a -small s1gn next to each operab]e w1ndow instructing
students and staff not to _open w1ndow while the bu11d1ng 1s
be1ng ‘heated or coo]ed . ~

o

2. Operate the venttlat1on system on1y when the school is occup1ed.\
Also consider shutting off the air-handling units on normal .
heating days before school is out. - If the radiators are located . . -

*  properly, they should be able to maintain space temperature ‘above
) freez1ng o v .
3. Do not operate the’ Vent11at1on units at all during the spring
and fall if many of the windows in the classrooms are open L
during th1s time of the year. : ;
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- 4. Operate the gym outside air ventilation unit on a reduced

operating schedule that coincides with occupancy of the gym. _
The gym fan. unit .should not be turned on until the firstaclass
occupies the gym and should be turned off 1mmed1ateT§rafter

the class 1eaves in the afternoon. o i

>

-

~

5. f Inspect a1L.automat1c door’ c]osers to ensure tHat ‘they are func-
) \. tioning properly Cons1der adgustment to enable faster c]oswng.
A
~ 6. Place a sma11 sign next to each door - Tead1ng to the exter1dr or
uncond1t1oned spaces advising students and staff to keep door

- closed at all t1mes\when not 1n use.
¢

7. Inithe summer when ‘the outdoor air temperature at night is 1ower -

~ - than indoor temperature, use full outdoor a1< ventilation to
remove excess heat and pre-cool the. structure to reduce air-
cond1t1on1ng load. : : g

8. Readjust fresh air 11m1t contro]]ers from wxpter to summer

°+ earlier than the middle of May.

9.' Check sxze and speed of exhaust fans and 11m1t to actual needs

10. Consider turn1ng off electric reheat co1ls during the summer.
With 1ncreased supp]y air temperature, reheat may not be neces-

sary R -
“11. Clean debr1s\frgm unit vent11ators«¢a’ﬁg:;;t\hdre‘efficient
’ operat1on . _ _ \ : .

' 12. Clean the f11ters more often to 1ncrease the overall eff1c1enqy

of the air handling units. o L s

:f 13.. Inspect filters carefu]]y If;necessary; create a filter re-
xh "placement schedu]e. Utitize. high-efficiency, low-cost filters.

b

~ 14 ~Consider closing outs1de air dampers dur1ng the first and last

hours of occupancy and during peak loads.

! 4

15. Turn off hum1d1f1ers whenever a bu11d1ng is closed for extended

~ periods of time, except when process and equipment requirements

take precedence. = | , S ‘

8 o T 2.

16. In mild weather, 1ower the cooling effect by runn1ng room coo]-

ing fans at Tower Speeds.”

17. "Inspect damper blades- and T1nkages Clean, Oiir and a§3Ust'them
on a regu]ar basis. - ; . -

-

-

18." Reduce outdoorgair to the minimum acceptab]e level reguired to

balance the exhaust requirements and -maintain a s]1ght positive

ptessure to retard infiltration of outs1de a1r ' -ﬁgz
S ) ~
- 12

¥
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18: ¢ Adjust outside air, return air, and mixed air damper controls in

.~ “winter to raise supply air temperature -to.a level between 640F |
) and 700F, depending on the conditions. in the area served by the

~ system. : .{\

20. - Establish a ventilation operation iphédﬂ]e sO gﬁhaust system |
-~ ,operates only when it is needed.. § »o

AN
+

A

A . ) v -, . -

= 21. Adjust alil QAV (variable air volume) boxes so they operate
 precisely. This will prevent overheating or overcooking, both

of which waste energy. ‘

22. If practical, operateAthe veht%]a;ion units with no outside air .
whenevaer the outside temperature is 250F or below. There may be
SUFfic?EBthfresh air leakage through the dampers to provide ade-

Quate veptilation.

23. Discontinue outside air preheating where practicél}

G. LIGHTING

1. Acquire energy conservation reminders such as posters and.indi-
vidual decals that can be located next to the 1ight switches and
on bulletin boards“td alert staff that turning off lights is
their responsibility. - ' : .

X 2. Shut off 1ights in unoccupied rooms. Switch on large area
.lights by sections when cleaning. : '

‘%" 3. -Move desks.and other work surfaces.to a position and orientation
that will use installed 1ighting fixtures to their greatest ad-
vantage (instead of moving light fixt@res). | -

4. .To the extent permitted by productivity requirements and related
concerns, group together tasks which require approximately the
same levels of lighting. This may reduce' the number -of areas
requiring higher illumination levels and provide an opportunity
to reduce the total amount of 1ighting needed. S

5. 1In overlighted areas, light levels can be reduééd up to 50%. In
- rooms or areas fitted with 2-bulb fluorescent fixtures, remove
. one bulb from each fixture if they are not wired in series. :
‘ Disconnect ballast if possible. Consider dual bulb removal from
alternate fixtures if they are wired in series. This will.save
energy and produce a uniform lighting level. .

6. Leagg the hallway Tighting off in those hallways facing the in-
. teribr courtyards during daylight hours, assuming a light meter

reading indicates the Tighting level is satisfactory.

E ‘ v - . . -
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7. ETiminate~e%te;§ona1ighting except where lighting is to be used.
for the purpose of identifying the building entrances and/or for
J Security. N ’ : : .
' 8. Laﬁps should be wiped clean at regular ﬁnterva]stto,assure
: maximum efficiency. Lamps which are expased to an atmosphere
/s Wwith substantial amounts of dirt, dust, grease,.or other con- I
il taminants should be cleaned more frequehtly than lamps in a
. - reldtively clean atmosphére. | L o
9. TClean ceilings. wails, and floors frequently to improve re- -
flective gualities. In rooms or areas where natural daylight is
used to maintain light levels, wash the windows frequent]y.“

10. Consider initiating a training program to orient the gym instruc-
tors and the students in the proper operation of gym lighting so

- that no more than 50% to 75% of the lights are on at any one time -
“when ‘the gym is occupied, provided switching is available.

11. Campaign for better lighting utilization by using letters,
-memos, signage, and personal contact to encourage staff --
espegially custodial personnel -- to use lighting only when it _

- 1s needed, to use only the amount of lighting required, and to
turn off lights whenever they -are not being used.

=

12. " If you have a computer room, consider reduEing'computer area
light levels, as.the room may be too bright. .

[

“H. 'DOMESTIC HOT. WATER . | L

: . el '
1. Remove or turn off domestic hot.-water to boiler rooms and other

spaces that could function without hot water.

2. Operate only one of the domestic hot Wate; heateﬂé. K one unit
carries the load, leave the other off For standby. -

3. Reduce the hot.water temperature to the minimum. Because of -the

- long lengths of hot water piping it 'may not be entirely feasible

_to lower the temperature to 110 f because of pipe heat losses.
" %The way to proceed is to lower the hot water temperature in-

- .Crementally, say 59F each week. Continue doing so until the
students start to complain. With the first complaint, raise the
temperature 59F to that of the previous week when no one com-
plained. This will represent practical minimum temperature for
‘the hot water system. Realize that when reducing the hot water
temperature, the capacity of the tank.is an important factor.

4. If you have an eleéctric domestic water ﬂeater; consider limiting
3 the duty cycle to avoid adding water heating load to the build-
- ing during periods of peak electrical demand.

14
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* 5§37;% hot water ié distributed through forced circulation, turn of f
~‘the pump supplying areas when they are uggecupied. '
- N T ‘ | )

<

>
O

~ 1. SCHOOLS WITH KITCHENS

.- _ - - : et
1. Cook with lids ¥n place on pots and kettles. It can cut heat-
requirements in ga]f. - . R
.a , ( |
" 2. Turn off infrared food warmers when no food is being warmed. (_
_—. - —\ - '

3. _Thgw‘fhozen foods in #efrigerated compartments.

4. Train employeés to conserve hot water. Supervise>their perform-
ance and provide additional instruction and supervision as
necessary. -

5. 'Preheag,dyenS'only for baked goods. Discourage chefs from pre-
heating any sooner than necessary. '

. 6. Inspeét refrigeration conden%ers_routine]y to ensure that they
have .sufficient air circulation and that dust is cleaned off
coils. : . ’ : o

7. Walk-in or reach-in refrigerated area doors withdut automatic
closers or, tight gaskets should be inspected and repaired.

. 8. %E;p rg&rigeration_cdi]s free of frost build-up.

9. Clean and maintain refrigeration on water chillers and cold
dri¥nk dispensers.’ “

%/»j

NS
=

1Gxﬁ;Reduce temperature'or turn off frying tables and coffee urns
e 'Q;Quring.off-peak periods.

11. Run the dishwasher only when it is full.

12. Fans that cool worker shouid be directed so they do not cool
cooking equipment. - , | .

13. Provide ovens, fryers, and washers with loads all of_ the time
they are heated and. on. An oven not baking 1 hour out of 7 is
an oven wasting 14% of its energy. ] d

14. If a food preparation area exhaust hood is oversized, adjust it
so no more air than necessary is exhausted. This can be done
easily by blocking off a portion of the hoad, or reducing fan
speed, or lowering hood, or by utilizing a combination of these
techniques in compliance with applicable health regulations.
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S " CHAPTER 2 _ . | ~
STEP-BY-STEP EXAMPLES

i

Now that you have examined and implemented the pertinent no-cost main-
" tenance and operational changes in Chapter 1, you need to work your way .
'+ through the energy and dollar effects of various ‘energy conservation
measures which apply to your school. A priority system must be developed
to decide yhich measures t6 invest in first. .Calculating the simple
payback period of the suggested measures is an excellent way of es-
- _tablishing such a priority system. -

" In order ‘to be cost effective, an energy conservation measure should
return its initial cost by the savings it creates. To calculate the
simple payback period, the initial cost of the measure in dollars is
divided by the annual savings using today's prices. By ranking the
measures in order of shortest to longest payback perﬁbd, one can develop
a priority system. : B '

The problems in this chapter are designed to i]lustféte the method for
calculating the energy savings and payback period for several -energy
conservation measures. . . .

It is unlikely that your particular circumstances are identical to any
of these samples, but it is very likely that the pattern of probiem
solving will enable you to quantify your Measures in an adequate and
satisfying manner. ' ) ) :

. Before working out the step-by-step examples, you will need to complete
the Energy Management Form. The directions. for filling out the form gre
described on the following pages. It may be convenient to have your
accounting or billing department or- the regional administrative office
fill in the necessary data. But, if all the necessary utility bills are
available to you, it shouldn't take.more than a. few hours to fill out ~
the entire form. ' ; >

After the form is completed you will have all the energy cost data
needed-to work out the step-by-step examples. In some problems, a new
installation rate must be obtdined by calling a contractor for a price
quote. Or, you may have to make a few simple measurements pertaining to
the general operation of the school. . ° : Co

‘In eaéﬁ?problem, the section for you to fill- out is on the left-hand
side of the page and a worked out example problem-of a typical school is on
the right. In each case, the boxes coincide with an underlined number

in the exampie problem.

16 ' 24




ENERGY MANAGEMENT FORM

—
—

éﬁclosed in this Chapter is a fold-out Energy Management Form. «The data
ffom .the form will be used in this section of the manual to calculate

the payback period for several of the recommended energy conservation
meéasures illustrated. If you already have a similar energy. bookkeeping
system, you may wish to.modify it to be consistent with the enclosed '
form. The main objective is to.arrive at a common unit cost of each.

type of energy used in dollars per million Btu ($/MMBtu). Use your

bills of last.year or the last 12 months to fill in the form now.

To make it easy to uge you may Wish to remove it. The form is intended
to be an aid for establishing a continuing energy bookkeeping procedure

. for your facility. If it is filled out each month, the-manager’or adminis-
trator of the school can get a sense of monthly and.yearly energy consymp-
tion and cost. It can also be used as a base to evaluate energy savings
that result from energy conservation measures. -

I. NECESSARY DATA FOR FILLING IN THE ENERGY MANAGEMENT FORM

A. ELECTRICITY: The monthly electric bills for one full year.

B. FUEL OIL:

. . /J .

1. To calculate the monthly consumption you will need the amount of
fuel o0il in the tank in the beginning and the end of the month
and the quantity in gallons of each delivery made during that
month;” ’

2. The price per gallon of the oil in dollars per gai]on;

3. The type of fuel oil ydu use - #2, #4, #5 or #6 oil.
| &

C. NATURAL GAS:
1.. -The monthly bi]]é for the same full year;

2. The heat content (the number of Btu per cubic foot) of the gas
if available. If it is not available, use 1030 Btu per cubic
foot. % '

D. STEAM: If you purchase steam, you will need the monthly bills for
. the same full year, the quantity used and the heat content of the
steam for each pound or cubic foot purchased. - - o

E. If you use any other type of fuel (coal, wood, etc.), you will need
the monthly consumption, the cost per unit, and the heat content of
the fuel per unit. . K

17




F. From your local utility, weather station, or library, or State

: Energy Office, obtain the monthly total heating degree days and
cooling degree days for your area during the same year. The daily
“heating degree day figure equals the number of degrees the mean
tempefature has fallen below 659F. The daiNly cooling degree day
figure equals the number of degrees the mean temperature has risen
above 659F. )

A

e - II.. FILEING IN THE FORM

— S
A. Enter the monthly. heating degree days in'column 2 and the monthly .
- cooling degree days in column 3. i ‘

B. ELECTRICITY - CONSUMPTEON AND éOST:

1. ?ﬁg} each monthly electric bill or .for each month covered by the
. wlajority of the billing period:* _ A
'Ié? enter in column 4 the total number of kih used used during
", the month; ' T

= ' . o - R
bs#™enter in column 5 the total cost for the month that appears
on the bill; - ' :

c. to calculate column 6, the cost per kilowatt hour
(kWh), divide column 5 by .column_ 4; '

e d. . to calculate the cost per million Btu ($/MMBtu)
multiply column 6 by 293 and enter this in column 7.

, 2. After completing each month, calculate theQ&nnua] totals .
. . and averages. : ' '

~a. sum column 4 and enter at the bottom of the column;

.b. sum column 5 and enter at the bottom of the column;

-~ ..c. divide the. sum of column 5 by the sum of column 4 and enter
in annual average at the bottom of column 6; .

d. multiply the annual average of column 6 by 293 and enter at
the bottom .of column 7. ‘

-

* NOTE: The bi]]ingfperiod hay vary from 25 to:ﬂo.dayé. If so, you
will have to adjust it to be consistent with _the other types of -

energy on the form. Calculate the kWh per-day and multiply by the
number of days in the month or period you are using for oil and gas.

~
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c. OIL - CONSUMPTION AND COST

1. Enter in column 8 the o0i1 consumption in ga11ons for each
' month. > . ,

2. Enter the price per ga]]on jn cotumn S in doilars per gailon’
: For example, if 1t is 35¢ per gallon, enter .35. ,
. y
3. Calculate the total per month and enter in cclumn 1C. Mu}tw1 ‘
column 9 by column 8. , k
: um
4, To calcu1ate the cost per m1111en Btu (column 11), d1v1deac01 "
9 by the convers1on factor for your- fue] listed as foilows:

No..2 011 - d1v1de by 139 MMBtu/gaT.
- - No. 4 o0il - divide by:.150 MMBtu/gal. . - )
* . No. 5°0i1 - divide by .152 MMBtu/gal. RS
- 'No*‘ﬁ 0il - divide by-.153 MMBtu/ga]. "

5. - Ca1cu1ate the annual- total and averages
a. sum colqmn 8;
"b._smncdhmnIQ; . ;;
* c. divide b. by a} and enter at theﬂ@pttom of column 9; o
) "d :T\_«:i\eg. by c‘onversibn )f;étdr-abéve' (C4.) and enter at o
.. ,bottom of co]umn 11. , o

D. NATURAL GAS - CONSUMPTION AND COST

1. Enter in column 12 the consumpt1on for each month in IOOCJCUp
feet (MCF). “If your bill is not in MCF use the followimd

formu1as to convert:

| y
a. if the.b111 is in CCF (100 cubic feet) divide the twtalfp

10: .
| CCF : 10 __jCF; o
g. '1f the b111 is in.CF (cub1c feet) divide the total hyrloa
- _(F + 1000 =___MCF:

. . ‘ ) ]
-& - : . &
A N y .




/':4/ . -

A - . ) - N
€. if the Hill is in therms, divide the total by }0.30:*
. ____therms s 10.30 =__ MCF.

N

h——\ '_-*,' . R .
- . Enter the total cost for each month in column 13.

3. To calculate cd]umn 14, the cost per MCF, divide column 13 by
- column 12.

4. To calculate column 15, the cost per million Btu, divide column
14 by 1.030. Or, if you know the heat content** of your parti-
‘cular gas: column 14 : heat content per cubic foot x 1000 =- -
column 15. : . ‘

~

w

. . Calculate the annda] totals and averages: : -~

a. sum column 12;

b. sum column-13; -
C. divide b. by a.kand entef in tﬁe bottom of column 14;

‘d. calculate the average of coiumn 15 by using ome of the
following: - ' ‘ .

- dfvide~c.'above'by 1.030 .
or . ; ,
- divide c. above by the heat content per cubijc
foot and multiply by 1000. : -

-
b

" E. If you use any other type of fuel or energy, use thé same basic
" reasoning with the goal of arriving at the cost per million Btu
$MMBtu). You may need to sét up.a separate sheet for other types of

UE]z ' o ‘ v,Al rol ’ ‘

F. Column 20 is the monthly total energy cost. Sum the monthly total
Cost for each type of energy used. For example, if you used elec-
tricity, oil, and gas in February, add the entries in column 5,
Column 10, and coluinn 13 and enter the sum in column 20.

G. After each month has been completed, sum. up column 20 to ca]culate)
the ene;gy cost for the year. Enter the total at 'the bottom of
CoTumn 20. : , N Co. :

'¢ . P -
* This figure is based on the 1977 national average of 1030 Btu per

Cubic foot., If you know the actual heat content of your gas, such
'as 1020, adjust accordingly, i.e., 10.20. .

~

** Heat content - the aﬁdunt of energy supplied by the gas in Bty per
Cubic foot of gas. = - S | .

]
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'The fq}1owing abbreviations are used in.the problems:

.- MMBtu = One Million- Btu
T o MCE = 1,000 Cubic Feet
T = Kilo Watt Hours -
T ='years |
9 | "// o hr - = hours _
| m =-months"
. :'.“ $ = do]ulars
o gal = gallons
. . Tt ;:fget j /
in = inches | .
OF = degrées Fahrenheit
. CFM b= éubic feet pek miﬁute o
& -

‘Btu/hr-10 ft = Btu per hour per 10 feet of pipe

22




. PROBLEN NUMBER 1

Remove unnecessary lamps or ftxture However,-do not

_remove fluorescent Tamps whthout dlSCOﬂﬂectT"Q the ba]]asts

\
,-.v'

-

| A) DATA NEEDED.FOR cm.cuummns

1) Count‘the number of *lights that you feel can be removed

" in the hallways or classrooms. . bulbs .

watts/bulb

2) From the Energy Management Form obtatn the average cost of

electr1c1ty ($/kHh)
(Average of colunn 6) o

$/kih

3) The number of'nours per day the 1ights areon:
| | | __* Jhr/day

ﬁ-er year the store is-open: -

. -‘ . _’ f‘ B :’ l’da‘YS/_Yl"

. .
4 '.' R
IRl T
B ) 7 32

e

EXAMPLE PROBLEM:

a

“

| -§Q_Bu1bs
75 Watts/bulb

04 $/kih

260-days/yr



B) 'cmcuunons

1) The enerqy saved with lights removed

e

_ / : Jbulbs x

-x L hr/day =

v

2) Energy shved per year:

watt-hr/day X

watt—hr/_cjay |

# 1000 uatt-hr/th =

. 3) Cost fsavéd per year,

Payback is 1nmed1ate unless there is a. charge to remove |

the bulbs.

kWh/yr savings J

I8$/yr savings

kih/yr ‘savings x [ c ‘ _ $/kWh

EXAMPLE PROBLEM

watts/bulbx o

déy/y'r" :

50 bt;]bs x 75 watts/bulb
x 10 hr/day = 37,500 watt-hr/day

37,500 wa_tt-hr/day X _2_§_0_ days/}’r‘
=075, KWh/yr savings

9750 Kih/yr savings x .04 §/kih
= 390 $/yr savi ngs



i

PROBLEM NUMBER 2 . - _ L EXAWPLE PROBLEM
Connect a1l of the manual day-niéhf control switches to |

timeclocks so that the night set-back temperatures can be achieved

even if inadvertént]y left on "day."

T

A.) DATA NEEDED FOR THE CALCULATIONS

1.) -The améunt of energy used which is related to heating only
is determined from the following curve showing the total

enerdy usage over a full year.

2.) The values of Million Btu's per month which are used in
plotting the curve are arriVed'at'by-taking the monthly
usage f1gures from«the Energy Management Form, Co]umn 4, 8,
12 or 16 depend1ng on the type of fuel be1ng used To
convert these quantities” into Btu's the following factoré‘

¢ ! ! \ L

are to be used:




- v

*. . Ex}na‘a;'e;mm;
' Dledtricity - 1 Kilowatt-howr = 3412 Btu's '
- ; ;No. 2 Fuel 0i1 - 1 gallon - 0.139 Million Btu's
! Not'4 Fue] 0i1 - lfga]]dn' ~ = 0.150 Mi]Tipn‘Btn‘s
No. 5-\Fue1_ 011 - 1 gallon * 0.152 MiVion Btu's
e he. é Fuel Oiﬁ -'l'gallon - = 0.153 Million Btu' s :

Ndtural Gas '- Use the htgher heattné“Va]ue (HHV)

. the gas if shown on the bill.  If not,
< use the standard conversion factor of

C 1000 cubic feet = 1.030 Million Bty's

3.) The total annual energy consumptton is: (Taken from the
Energy Management Form as in 2 above using the bottom 11ne
L -~

f1gure for the type of fuel: be1ng used, ;§h1s is the total

energy amount represented by the curve.)

A

 Mi1lon Btu/yr e Mﬂ)q Btu/yr

N




_\4‘)

 consumption value in Million Btu against each month on the

~ norizontal axis. Draw a smooth curve through fhe’po%nts. You

load is energy tnat is not used for space heating.  The base load

EXAMPLE PROBLEM

Plot an energy consumption profile for your heating enefgy.

Use ‘the example curve Figure 2-1 as a guide. ~ Plot each monthly |

should end up with a curve somewhat similar in shape to Figure
2-1. Thé}e should be an increase dpring the winter months, with

a-jeveling off period during the summer.
From this curve the "hase 1oad" can be established The base

i3 p1cked off by draw1ng a hor1zontal line between the average
Tow points in the-curve (as shown in the example). Above this

Vine is the heating only load and below it is the base load. |

2
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600 -
400 |

| 200 -

900 -

800 -

700 -

500 {

3Up 1

100 -

?\ ‘n
Yy

ENERGY USE PROFILE OVER ONE YEAR

2

FUEL ENERGY USE OVER ONE YEAR .

-,



FIGURE 2-1

EXAMPLE OF AN-ENERGY USE PROFILE OVER ONE YEAR
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6.) From the energy curve it will be noted that 100 Million

7.) The total number of heating degree days per year is:"

8.)

9.)

,’/

Btu/mo s .used whether the heat1ng system is operat1ng or

note_  Thus th& base Toad is:

'EMi]]ion Btu/mo X
/

g

[ty

degree days -

.‘ \ .

=) mo

/ J Willion Btusyr

(From Energy Managenent Form, Colum 2)

The cost of energy is. taken from the Energy Management Form,

Columns 7, 11, 15 or 19, depend1ng on the type of fue] used

N

f— | $/Million Btu (annyal average)

The cost figure for & timeclock control switch obtained |

4

from a Supp]ier is:

$

EXAMPLE PROBLEM -

/\'\r
=

100 MiTlion Btu/mo x“ig;ho

= 1200 MiTlion Btu/yr
."S"""_ -

4560 degree day;'_
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o the energy use for space heating only

. MMB'CU/YT‘ ety | 40 Btu/yr - 1200 WBtu/yr
. _ ‘ 40
| < ﬂﬂ_ MfBLu/yr

0.

MMBtu/yr' |

I

:. 2 ) The heat1ng 1oad per degree - day is: 'ﬂ

L | ey .BlMMMBt
, W%WW o 4 ~%yb”§%’§7 Deures o
R e Degree days/yr Degree day f¥\’/, .\,,, egree 51 Degree day
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I e _ g x L2 stk x
' x__________24 o s 1 Wy
{ A .
‘ . ~ 1 tU s
| . Degree day . . ‘5y
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The value of these extra Btu's is found as follows:

.

$/MMBtuX RN

" ‘thermostat.

5.)

- payback becomes 1

The payback time is:

o

- 3$"for- théi two

MMBtu/ﬁ

/

$

If we forget to turn back for- ._|days, the |

yrs

¢

yrs x | fdays |

n
P

s

T

days we forgot to set back ‘the

EXAMPLE PROBLEN -
3.10 $/MMBtu x 8.114 .thu/yr |

=28058 -,

10 days |
T Ways .
'J‘";.;iﬁ.)’r‘s Lo




;'
" EXAMPLE PROBLEM
PROBLEM NUMBER 3 S
Replace old, 1neff1c1ent burners mth new efﬁment ones.
A) DATA NEEDED FOR THE CALCULATIONS |
- 1) From the Energy Management Form the burner is now ) .
N cqgummg how many ﬁaﬂons of fuel per. year?: ) ’ !
galpr | \ 25,000 qalfyr
) L . : \J .' — .
" 2) The cost of the fuel of1 fron the Energy Management’lF,orm:
ety
, o ‘ ™ . . .‘: ,.hl .vf.-"' . :‘
'. . 3) The eff1c1ency of the burher bemg used now 15 N
« (From the results of 2 test by a techmc1an) = ,‘ 1
4) The 'e'fficiéncy of a new burner would be: | | ‘__,‘
. i ! . R . ‘ ) \ \
(From design conditions quoted by contractor) 75 |
5) The cost of the new efficient burner: [ SR B 1600_$
, 42 |




| o R s L e reome
8) LcaTions: SR

—

-

;, ])AThefue1 savings.with the more efficient burher: a

( ‘ =L ‘ L*\' e gal/yr . . ) ‘(125,'7 .50) X-25;000 gal/yr

| ~ = 5000 gal/ yr savings
galfycsaved x L [$/qal

gl yr savings

2) Cost savings per year:

| 5000 galyyr 44 $/ga1

\

M8 Payback Period: -, | [
; A cost of new burper . - S| 1600 § cost \
—_ o] YT savings =

\‘\J

e — .\ oo ) ' | __"2_2_0_Q_.$/yr'\sav1'ngs

N

o e




ROBLEM NWBER 4~ . \ C s EXAWPLE PROBLEM

- Reduce power ineut_tp fan by decreésing air volune. Whenever

LIS
%

‘heating and cooling Toads are lowered, air volume requirement
decreases resu]'m ng in fan energy savmg Air volume can be

:_ controﬂed by changmg speed of fan.

A) DATA NEEDED FOR CALCULATIONS

—

1) School has ' pupﬂs / " o | 500 pupils
. 2) Present ventilation rate o J CFH ) ~ 10'CRM/pupil
L. (From design spec1f1cat1ons) _ - | ﬂ ~
. 3) M1mmum ventﬂatwn rate is: . o :cm/pupj] o _6 CFM/pupil
o (From Tocal codes-and regulations) -~ I
o 4) Power requ1rement to operate fan S Jhp at the . 'L_Eth '-

b

des1gnated Toad from the ‘fan name p]ate

) 5‘)ANumber of days' per year ieé\tﬂation system is in

| 'operation,i's' - Jdayslyr ‘\ Y B -] days/yr
§) The cost of electricity is |~ | §/MBtu ©] 1250 $/MMBtu




' | I
o | EXAMPLE PROBLEN
(From the Energy Kanagenent Form, o, 7) :
- 7) Obtain cost of nee.'motor from supplierl____ dollars | §260
 B) CALCULATIONS |
1) Fan s providing a total of " Jcmyppit |10 il
© oy __Jpupils in school = N g 00 pupﬂs-5000 CFN
. ‘ i:»- . ' l
2) Requ1red ventilation by code: L
] oot s paiis sl | g oot 50 s
m ., | ;
| : . CFH | .| .= 3,000 CFM
| 3 Ne_ve power requiremenvt:' e L | . J
o leentiltione w0 (m)3x .
- Present ventﬂatwn rate [: :TCH*I _— 5_0@
L el Ihp "“7_7__§.hp 15k
o 4) Energy consurnptwn at present rate of ventilation is: |
B N R I 7Y d_aﬁ 75hpx254ZBtux]_85days
SERLEE . ‘ o chpebr e ‘ W‘h ye
R X | hrsx 1 o= M¥Btufyr ‘-x7hrs>‘< | nr 8. MMBtu/yr~'
46 R day ]000,000. B ~day 1000 050

i ) . ] ‘l‘ e
’ . . . ‘ - ) ‘- o ‘ .
. . . ', . , . ' : B ' t
' . v . . [ "v




\5 - | : | .; : | ) | R -
| . EXAMPLE PROBLEM _
| 5) Energy consumptwn at new rate of ventﬂatmn fs: o
| hp of new motor x 2547 Btu Btu X, C [ 1.5 hp x'g54_7_:Btd X
hp-br R
L — . hp-hr .

days hesx 1 | 185days xZhrs x o 1

yr - day 1,000,000 - f Ty day  "T,000,000
- WBtuyr 1= 4.9 MBtu/yr

6) ‘Energy savings are

mb¢u/yr - _MBtu/yr 24.7 M tu/yr -4, 4.9 MiBtufyr

- WBtu/yr ] 2 19.8 metujyr
~7) Cost of electricity saved isf | ﬂ |
MMBtu/yr x L SMBt | 79.8 MMBtu/yr . x 12.50 $/M¥Btu
8) Payback period is:
cost = I SR T e yr $Z§._'-=l-)""':
. savings . | o 1 T aar 8y
| $/yr SR -
%
: 45




L ‘ . ; o : -

e

| EXAMPLE PROBLEM

PROBLEM NUMBER 5

In the previous pr'ob'lem. we éo_n.si:der‘ed reduction in electricity |
only 'as a result of lower}ng the vehtﬂaﬁon air quantity. ‘Hef‘e
je will cons1der heat saved by the same operatmn change. In fact
:oth savmgs oceur together, but for s1mp11c1ty We are 1ook1ng at
them one at a t1me

LDATA NEEDED FOR CALCULATIONS r

1) The degree days per season are L | 4560 degree. days

(From Energy Management Form, Co] 2)

- 2) The number of days in the school year the system is in .

operation: |- dys g@days'

-3) From problem number 4
Present a1r ﬂow is 5000 CFH
Mod1f1ed air ﬂow s 3000 CPM

3) Hours of use per day ar‘% o hrsidy 7 hrs/day




A R | EXAMPLE PROBLEM

=Y

5) Thé average building temperature is |. °F | J0°F

6) The cost of energy is:. (From Energy Management Form, ann.ua‘]' -

average of colum 7, 11, 15, or 19)

4
-

| $/Miltion Btu 2.78 $/Million Bty

7) Obtain effiéiepcy reading .on he’atin.g equipment from fuel
; . supplier, If not a\failabie on the fo]]dwing values:
 For electrical unit - 100
for fuel oil burner - 0.6

For natural gas burner - 0.80

efficiency * - - .80 efficiency

3) The cost of modification obtained from a contractor is:

4600




 EXAMPLE PROBLEM

B) CALCULATIONS | . B N -

\ [
oY

1) Air flow saved is:

Jomw- L Jeme | oM @gg"m-ggo_ocmﬁgggp_cm

{
s_,‘
{

- 2) degree days =' — _J°F gggg degree days =19"lf'
» | | days/season i - . 185 days )

average below 65F

3). Avera_ge heating--sea.son" ternperétﬁre is: 65° - : °F=| 65° - 19°F =

. R ., ) . . ' 4. ) P

° ) , ‘ ¢ B - . .
F S e | “ 41°F e
‘ . . . v R . .f”_‘ y e — . \. )

4) Average . _ pRerature. d1fference between mdoors and outdoors e

\

Pl JeR | IoF-mFear

S)Theheatsavedisloax Fx/ . 108x29°Fx

Jomx = Sy ‘, 2000CFMx7hrs/dayx o
‘ day;/season - o o l@gdays/season |

 |Btu/season

LY

= 81,118 ‘8,09 B;u/séa’so_n

r

ey




| : V7
-~ V |
- EXAMPLE PROBLEM
| 6) Cost of heat saved is: |
Bty x [:::lwﬂl‘ion Btu . . 80 Btu x 218 $/M_Lon Bty
| Tooo,ooo Cj Efficieny - LT 0000 _Q g
$/season | = mYseasn
| *7) Payback is cost R $ '-=[:]yrs g LEQQ : =215
: Cosavings [T — iy - _8_ Sy
¢ |




.PROBLEM NUMBER 6 :

Insta]l key-lock 6last1c covers over thermostats to prevent

bur]d1ng occupants from adJust1ng settings.

A) DATA NEEDED FOR THE 'tALéULATIONS '

\ | .
]) Referr1ng to Problem Number 2, the heat1ng ]oad is"

_1 ¥MBtu
degree‘qu
- 2) If the thermostat in one room out off . -  voons {sf'

~ tirned up __J°F, .

"fj 3) Obtainfposgﬁpﬁlprotetthe.cbver.from supplfer.

K each

’

4) The cost of energy is: (On Energy Management Form, annualaver-.’

age of'column 7 11 15 or 19 depend1ng on the type of

7

fue] used. ) o _‘ | | o

.o T

Smewo O o ymew .

" EXAUPLE PROBLEM

8114 MMBtu -
aegree day.-

20 rooms_,

2F



.-a |
B) CALCULATIONS Co
1) Extra heq't per'* Season per room is:
" °F rise in temperature x; ‘
day, on-day settings x / -
1days x ) MB T
~ season -degree day
Stotal roons = Wty .
2) (:ost savmgs oY
TMe | ety @
Season - .
= $/season savings . ‘
o 3) Paybéck‘Périod: | I $cost |
L ‘ $/season savings
\ . / | X | |
z J years - S
t_,’ .
5%~
9 .

'

EXAMPLE PROBLEM *. |

e

| = 22.6 $/season savings

-~

14, 14.00 § cost

[ 2°F, rise

V2 x

180 days  x .B114MMBtu,
season ~Jegres day

_1_ . 7 3 MBtu

20 ro T season

7.3 Mgty x 3.10 $/M¥Btuy
/58ason

v
<

$/season savings

22.63 -



than 82 percent and at 50 percent cess air to be greater %
" at point B. Figures 2 -3, and 8-4 proyide easy evaluatlons ofNthe
| eff1c1ency changes w1th changes in other variables.

PRQBLEM NUMBER 7

$

N,

Check the efficiency ‘of -the boiler(s). A percent toss of bo11er
efficiency is a percent loss of energy and dollars. It is genera]]y
worth any cost Yncurred to optimize the boiler operation. It isa
good first step to reduce the excess air until smoke or emission
violations occur. For instance, if the flue gas temperature is 400°F
and excess air is changed from 100% to 50% an eff1c1ency of 2.5% is -
immediately achieved.

The efficiency galn is observed c]early on Frgure 2-2. The
efficiency at 100 percent excess air i$found at point A to be Tess

?
N
The saV1ngs in fuel is related to the change in efficiency: |

: \ o .

New Efficiency - 01d Eff1c1encx,x fue] consumpt1on
New Eff1c1ency . :

“In the above examp]e if the oil consumpt Jn was. 25"b0f.g\;]ons per year

at 82 percent efficiency with the 1ncre;se in efficiznc

0 84 percent
the fuel sav1ngs would be: >y

1 . .

( 84 - .8') x 25000 gal year = 595 gal/year

' ’ . .84 ,
If 01l cost 46 cents per ga]]on the cast sarrngs wou " d be: o,

595 ga]/year x .46 $/ga1 =7.3. do]]ars per year. )

J-;fr‘“":“"—

=



FIGURE 2.2 - COMBUSTION EFFICIENCY vs . PERCENT COZ OR EXCESS AIR-FUEL OIL (GRADES 2- 6)
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FIGURE 2-3 COMBUSTION EFFICIENCY vs PERCENT COLOR EXCESS AIR-NATURAL GAS .
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CORBUSTION EFFICIENCY vs PERCENT €02 or EXCESS AIR-BITUMINOUS COAL
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ROBLEM NUMBER 8

lSe phqugells for tUrhing on exterior lights. Use time c]ocks\(

or turning off the exterior lights in the parking lot.

A.) DATA NEEDED FOR CALCULATION:

1.) The number of exterior lights:

~2.) The number of‘Wdtfs_péY bulb:

EXAMPLE PROBLEM

3 jTherefore,.the tota1‘watts:

4.) The timer is now set

o tufﬁ.thé lights on at:

offat:|_._ |m

6.) The humberaof hours per day the

1

. Tights are turned on:

v

5.)'The 1ights arg‘dow set»tb\thrn N

M

. hr >

20 bulbs
500 watts
20 x 500 watts

= 10,000 watts

Lo
4:00 Py

10:00 PM

6 hr -



[}

7.) The hours per year usage:

hr/day x365

8.) The cost of electricity

1(from Energy Management Form annual average of column ‘|-

9.) Cost to install photocells:

| hr

-

$/Million Btu

(from a contractor's quote )

. -

~ EXAMPLE PROBLEM

_6 hr/day x 365

=290 hr

1 =12.5 §/Million Btu




EXAMPLE PROBLEM
- B, CALCULATIONS , :
1.) Using table 2-1 choose the latitude
. Tclbsest to your school: o | . S QQ; Lat.
o | | o : o \
2.} At this Tatitude the use time - %
- o | | ,
~per day in January would be: \ PM: turn off] 10 PM turn off
P . , ' - ‘time-
(from table 2-1) .= [~ ] PM turn on . R
I o time -5 PMturnon .
s _5_hr/day use time
5 hr/day use | o "
o time
~3.) Then for the month the total use time. | | | |
“would be: | hr X | days E . S Shr x‘_3lday'.s'_
, - 5/ ) S = 159 hr
4.)“Do-this5for the rest.of the months using

the chart on the following page.




\ .

TABLE 2—I .
APPROXIMATE TIME FOR 2 FT CANDLES LIGHT LEVEL (TURN ON TIME)

atitwe” J F M A M ) 4 A S 0 N D

15°Slﬁ G0 6:30 '6:00’ o 6% .6100 6:00 6:00  6:00 el 60 700
2 50 60 6 530 630 700 60 60 B 0 600 00
% 50 60 6w 60 0 T00 70 61 sggﬁ e 5:30 s}éo:
3‘0°. 5:30‘. '.6:002 6:00 7:I)0 7:00 7':09 '»7':0I0_ 7:00 6:00  6:00 5:30 5:00
?;8\.‘ 5:00 5:00 .6:0b-' 0 70 70 200 700 6:00 5% 50 50
050 5 ‘6:60‘1;7:00 730 T 79 60 5% sfnof}_.S:oo
150 _;’ 430 5:3Q ‘_szob'f;7:oo _' EIRE R 7;00'“ G s ED 4
.5§°'1l4:§q S&va 53 70 7:3bv'. 8:00  7:30 "7:00 530 5:30° 4;30 :00

00 4:00 430 600 7:30 830 9000 9:00 830 6:30 500 400 3:30




0
N

" Feb

e

Usage Hours With Photocells

hrs

Qan ‘x

X
Mék '; X
vApr xl
-May" X
JUn | X
”Jul X R
hug X
Sep X
Oct X
Moy R

.

- days

Total Hours

hr/yr

R
- EXMPLE PR
s e
Ty« mo-o
Mar 4 X 3=
or 3 X 0 o= o9
by 212 s 7
wa x e s
w2 -y 1= 7
hig 2172 7 31 =715
Sep 4 ! 0 =
Clmr oy s
Tors et
| Dec. 5oy 317 - 15
Totai Hours = 1367 hriyr



§) Energy used without photocell;
. Jwatts x ‘ hr-
- total Coyr
z | watt‘h}/yr |
6) -Energy in Million Btu/yr: X '3;4125‘
I " 1,000,000
- = Million Btu/yr
7)'Energy'used with photocell: watts x
= ' watt hr /yr
8) Energy in million Btu/yr: x 3.412
1,000,000 -
: Mi1lion Btu/yr .
9) Energy saved per year: -
‘ - = Mil]ion,Bty/yt' .

hr/yr

EXAMPLE PROBLEH

10,000 watts x 2190 bi-_ |

yr
21,900,000 watt hr/yr

21,900,000 k. 3.412 .

. 15000,000
=, J4.72 Hillion Btu/yr

10,000 watts x 1367 hr /yr

= 13,670,000 vatt br fyr
13,670,000 x 3412

1,000,000

= £5.64 ™ Tion Btu/yr

| onn- 46f;2\\. :




 EXAWPLE PROBLEN

10) Cost saved per j/‘ear with photocell:

x| _J $/MMBtu cost of electricity 28.08 x 12.5 $/MMBtu

T o Vyr‘ - et - =_3i_]_$/yr

11) Payback period’ = cost $ cost 200§ . |
L savings - savings 351§ /yr \\
_ J8/yr. S

——————————

yr o Co . = 6 yr




PROBLEM NUMBER 9 -

Lower the domestic hot water temperature to110°F. This should’

be vt enough for showers , etc.

A) DATA NEEDED FOR CALCULATIONS:

e

.A‘ per student per day
(If this figure is not avail b]e
. use the fo]]ow1ng averages* ) o |
Ti E]ementary Schools = 0.6 dal/Studenf/day .
f77 Junior and senior high schools = 1.8gal/student/day |

.-

'gallstudent/day," -

B

LT

% Adopted fron ASHRAE, System Handbook 1973.

EXAMPLE PROBLEN

1) The school is now'consuming how many gallons of hot water

‘ A
e T

1.8 gal/student/day




S & T B EXAMPLE PROBLEM,. .
J}S‘hmate the number of students #n. the schoo] T IR

_ ;'V - ;4 e : students - t * 1000 students fi |

i 3) The datly water consumptton

7 .
—= "
ga]/student/day x e udents . 1.8 x 100

] S aljay <. S| = 1800 gelfday

4) Mumber of schoo] :day per'year: . |

Jays o 180 days

- 5) The:{ertégeht'-hbt water temperature __setttné:- e 160 °F

- 6).The t6§t~. of..-the'; en,er_gy to héat ‘the hot water:

-"’".“ R A $/MMBtu. | o123 Sty
(From Energy Management Form, annua] average of ‘column 7” | .
) .

11 15 or 19 depena‘mg on the type of fuel used)

P
[N

Qe



oA

S D tuioLt et
gomes T O

nmmmmmmmmmww:*.f el

S gal/day x.' Jschool days” '_' 1800 ga]/day X 1§g'schoof deys'v o

| @y S 0 gy B

- '?),?he'saefngs of heé%fat‘110°Fe'

.zhi,

.
-

—Jaex (L JF- L | 30 gt (80 1)

X 8.3 + 1,000,000 s x8.34;1,000,000 L

> o lmg’tu/yr savings - - = 135 MMBtu/yr savings 3

3) The cost sav1ngs are:

HiBtu/yr sav1ngs X $/MMBtu | _V'f 13 MMBtU/y' sav1ngs * 12, 34$/MHBtu

T §hwm$,f‘ Lo .5ffa'ﬂ%7shrwwms o
.hTMwmhnmmwmmmmwmmmhmm~;e

1ower the hot water temperature




2B ENEReY MEASURES ¢ - '

. 53_This'Cﬁabtér'of %he'manua1'contéi@s éATist;bfxéhergy measures that =

\.v;') - require ah-jnitja],capital-inyestment. More often than not, they will

. yield greater return in energy and cost savings than the no-cost main- "
.. tenance and operational changes 1isted, in Chapter 1. However, before
.- investing any monéy make sure you have implemented as many of the no- - - .
' cost items as practical. - - S - - ' o

-Read through the list, making notes as you go-along.. Cﬁoose measures..
- that are appropriate for -your school. Soime measures obviously require a..
' greater investment thanzggﬁgrs;;therefore, estimating the payback e
" period of' those measure&ghich apply ‘to your school is a convenient
' method of establishing ydir priorities. Use the basic reasoning and
- techniques portrayed in the problems of Chapter 2 as'a guide for es-
) ~ timating energy savings and payback periods. .For example, follow the
- basic methods of estimating the annual- savings’ for a given measure: .-
' Then, obtain an installation price for that measure. To find the simple
payback period, divide the installation cost by the. estimated annual: -

savings. . . . g

"2 'Thé following measures have been shown to produce the most dramatic
- savings for the least initial investment (they are also listed in their
;respgqtivg;fuhctfqﬁaT;heaQings’jn.this ghapter): - | P . S

<

‘.#1."Repiace'6fd;’ihéf?itiént*bdrner§}wﬁtﬁﬁnew,;efficient ones.

2. If you have -a boiler, hagﬁfa technician.check the efficiency of .-
: it on-a regular basis. percent. loss of boiler efficiency 4s a

- percent loss of erargy and cost. It is generally worth any cost
- ' incurred to optimize. the boiler.operation. ' '

N >

3. Consider ihsta1]ing spring-activated hot water taps, .

_'4g;‘Inéyléte'hot,‘pqre heating pipes. Ecohomjﬁ thicknesses can be

. supplied by contractors using guidelines established for FEA
-Conservation Paper 46, "Economic Thickness for Industrial In- -
sulatjon". -~ " IR - .. '

5, -Repaﬁr or replace leaking steam traps. -
. -' " ;‘q . - - ' - . )
6. Install shower head restrictors in locker rooms. This may save

‘“? ¢ . up.to 50% of the hot water cdnsumption.

-5_(\\7 7. thts;practica1 use waste heat for hot water heatihg.vr_- PR
~*7 . 8. Control exterior Tighting.with photo electric cengii f--I:ff- -i]ff
9. 'Preheat combustion air where practical. N -

Y A SRR
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.

_'power factor, it m{ay be cost effectwe to correct it.

. 'Insulate gym ‘skyLaghts.-
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e '§£H§QL§_THAT’USE‘éOiLERs'FORfSEAEE}HéATINﬁbe-_f.;° T
Vb OTHER PROCESSES - - B . .

I : . - . . R

- 1. .I¥ the boiler is large enough to require a licensed operator, -
* then the boilef control system is complex enough: to -greatly
affect the efficient operaticn-of the boiler. -As the. boiler
- control system approaches-1Q years of age, the potential for
- defective operation from worn-out controls increases. Replacing
L .. worn-out controls with a new system could increase the effi-
2. - ciency of 'the-boiler system and .conserve energy. o .

- 2. Consider replacing. existing boilers with modular boilers: (small,
- -+ °  independent boilers). ;MoS;'boi]érs“achieve,maximum'efficiency
_ - only when running’at their rated .output. , In most cases, how- -

: ~  ever, f$}Tf§g?%er*dapa¢ityfis seldom required because heat load
A js 60% Tess® than full Toad 90% of the time. -As a result, large-
A capacit&sboilers;in single units operate intermittently for the
major part of the heating season. A modular boiler system com-
-prised of two or more small-capacity boiler units will increase
- 'seasonal .efficiency. Each module is: fired at 100% of its capa- .
~ city only when required.. Fluctuations of 7load are met by firing
- more or less boilers. Each small-capacity boiler with Tow-
thermal inertia (i.e., providing rapid résponse and Tow heat-up

and c901-doWninsses),wf11_either:be running at maximum effi-
cieficy or be completely turned off. In a typical installation -
where single-unit, large-capacity boilers are replaced by modular

"boilers, boiler seasonal efficiency may be improved from 68%-to

. 75%. This represents a 9% savings of present fuel consumption.
Use of the modular approach is particularly worthwhile in cases
where the present boiler plant is at or near the end of its -
useful ‘1ife. Replacement modular boilers should be sized to-
meet the reduced heating load resulting from use of other

.

measures.

»

3. Feel the pipe on the downstream side of steam traps. df?fit is

~ excessively hot, the trap probably is passing steam. , This can
be caused by: dirt in the trap, a valve off the stem, excessive
steam pressure; or worn trap parts (especially valves and seats).

. If the pipe is moderately hot (as hot as.a hot water pipe), it

" probably is passing condensate,,which it should do. If it's
cold, the trap is not working at all, and should be replaced or

" repaired. / S o

4. Have a tech;ician check the boiler(s). A percent—]oss_éflbdf}ef

efficiency is a percent Tloss. of energy and money. It is.general-

1y worth any cost incurred. to. optimize boiler operation. A good

";“;'firSt*Qteg?iSstc,simpiygﬁédUCe the excess air to the point whére .-

any further. reduc¢tion ‘would-result in smoke. For instance, if
the temperature of the flue gas, (the gaseous products of combus-
. tion from a boiler furnace that travel to the stack through a
passage known as the flue) is 4000F and excess air is.‘changed
from 100% to 50%, an eff.iciency increase of 3%-is immediately
‘ achieved. . . - ... Lo T . :
a ) ) ARSI . IR MR X - S . )

0
W

-



=+ ‘5. Replacé- inefficient boilers (e.g., single-pass tube other

.- . boilers which are at or near' the end of useful life. se -~ .

S boiters should be replaced by a-‘modern version which 'is matched \ .. .

LT ;f'Fto=current‘anderojected‘needs‘of.theginstal]ation]invdeed;'*In‘ S
U 'most -cases, new boilers on the market can obtain 80%-efficiency;\3;vk LT
Even more efficiency:.can be gained by specifying multiple -boilers~ =~

-

* - Replacément .burners should be selected on the basis of long-term -
- cost rather. than“initial cost. Increased cost of fuel, tabor,

"i'and>materihls should be considered in'developing long-term cost

~ projections.. Also consider installation of a dual-fuel system - J-;_,_

~ to avoid problems in the event of any shortages or curtailments:” =~ ‘-

6. Convert to a Tow pressure systemp-to improve the'.heating system's
- annual operating efficiency. The installatiom of small steam

- electric boilers near the termination of some steam 1ines may . -

. reduce the need for piping modifications. - R .

7. Lower steam pressure to the minimum pressure that will just
-~ satisfy needs. - : : : :

8. Install a flue gas. analyzer: Optimum combustion efficiency
- .varies. continuously with changing Toads and stack draft. Ac-
cordingly, maintaining optimum combustion efficiency requires
- - continuous adjustment of fuel/air ratios. - This can be achieved
- ‘through installation of a flue gas analyzer, which provides
continuing information on flue gas temperature and CO, or 02
« -content, thus enabling manual adjustment on a continuing basis.
- The 'spectfic type of flue gas analysis instrumentation required
depends on -the _type of installation involved. Due to the in-
creasingly more widespread need for multifuel burners, however,
02 analysis is. considered to be the single most useful measure
., for all fuels since the 02 to total air ratio varies within
- " narrow limits. ' : - : .

- 9. erst sérvice companies will test burners for a token fee for the
following: o L SR -

a. Air to fuel ratio: This must be maintained properly. In
’ case of insufficient air, the fire will smoke and deposit -
soot on the water tubes of the boiler. Soot acts 1ike1ig— L
‘sulation on the tubes, which causes waste of energy. :

= . b Firing period: . If it S improper, it could be a sign of
- faulty control. : - o

- €. Flue gas analysis: The efficient combustion of fuel in a
boiler requires burner adjustment to achieve proper stack
temperature, C02 and excess air settings. Check settings to
provide stack temperatures of not more. than 15Q0F above
--steam or’water temperature. - There should . be no carbon
‘monoxide. For a gas-fired unit, C02,should be present at 9 -
-.to 10%. For #2 v%l, 11.5 to 12.8%; for #6 0il, 13 to 13.8%..

ERIC T N
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- 10.

11

12

B &

‘Decrease gas or.oil. i1put rate of the boi1ers SO that they will.
- operate over longer periods of. time. This w111 decrease Tosses

1ncurred during the off cyc1e

'ReadJust damper contro1 to ma1nta1n proper draft under both Tow

-and high fire. o
~ I‘an automated danper contro1s to prov1de positwe draft TR b

shut-off when the boiler is mnot operating.

InSpect-on a regu1ar basis. a11 boiler insu1ation, refractory

(the inside lining of 'a furnace), brickwork, and boiler cas1ng

| _for hot spots and air leaks.T Repa1r and sea1 as necessary

;"Tf:fjfueT burner.’_l

‘-15;f

. —

~ - back-flow of cold a

“Check. bo11er stack temperature. - If it 1s. too h1gh (more than:

1500F above: steam’ or water temperature) c1ean tubes -and- adJust

L

Iso1ate off-11ne bo1Ters Ligh‘ heat1ng 1oads on a mu1t1p1e SR
‘boiler- 1nsta11ation are often met by one boiler on line with the

-+ 4 4 remaining boilers idling. on stand-by. 1d1ing boilers consume. "~
i _energy to meet stand-by losses. In many tases, these losses are-

“increased.by a.continuous flow. of air drawn in through the = -
idling boilers:and -up the chimney. Unless-a boiler is about to
" beused to meet an .expected- increase in Yoad, it should be -
secured. and isolated from the heating system (by closing dam-

. pers). . A-large boiler can be fitted with bypass valves and a

regu1at1ng orifice (a small opening intended for the.passage of

a fluid) to allow the minimum flow required to keep the boiler

warim and avoid -thermal stress when it is brought on line again.

- 'If.a boiler waters?Q:;1s jsolated, it is important to prevent
ir-through the stack, which\cbuld cause the

boiler to freeze. ’ ’“”“‘ ) -

Inspect boi1ers for scale deposits, accumulation 6? sed1ment
(the solid substance that.is deposited in the”bottom of a
liquid), or boiler compounds on waterside surfaces.. Rear por-
tion of the boiler must be checked begcBuse it is the area most -
susceptible ta deposits of scale.:

. ~-of the: boiler  and ‘possibly can-lead to ove eating df furnace %:g ﬂ
cracking of tube ends,‘gighother prob]ems.f‘Have sca1e cleaned S

17. -

.. 18..

19..

regu1ar1y._. -

Y

Prov1de proper chemica1 treatment .of boi]er water to reduce

scale build-up, protect the b011er, and help protect condensate _,;:;ﬁ

returns.
B é‘ Y

InSpect 1nsu1at1on of all mains, risers and branches, econo- '
.mizeré and:condensate (condensed steam that is ‘now water)
rece1ver tanks. Repair or replace as necessary.

bo11er by the waste gases frbm the chimney. s .

. 776; ‘

e reduces the- efficiency {pn.t

A

Preheat the air before it enters the combustion chamber of the _,it



]

~ 20. Connect the space heating_Hot water pumps tb'théftime clock so
R that they will operate only,when the boiler -is beingﬁused. S .

‘;21, If stsib]e,_instaJ1 a;bojler stack-econdmizer;:

22 In case of 1eakagé,‘replabe=f1anged'va}yes Withjwe1deédg‘ya1Vés;‘ v S
. ° .. except.at locations where frequent removal of valves is necesx —~
- sary. EEEE R R U

‘23.i"REducérb]BQdowh 1osses:‘“Some-of the water iérreﬁqved-fnom the 'f,

- salts in solution and_thereby,maintain'the-dESired‘cpncentra% B ,
.;‘”tion;;;Blowdownfresultitggiaﬂgteady"energy'drain;becausé make-up’ .
. water'must be heated. ‘Energy can be saved, however, if blowdown
““water. is not discarded but instead is used to heat make-up -
water. .o L0 R S e T

L
v

L 24. Listenftb.stéahltfaps’td détermine'if-fhey'ére opening'ahd-‘ SR
closing when, they should be. If they are not, repair or replace

the traps.

25.. Route vents from. steam syétem flash tanks (where the Tow-pres-’
sure steam is collected after the boiler has been through its- -

E

blowdown: cycle) back™into low-pressure steam mains.’

26. If practical, install turbulators in boiier tubes,tb‘inckease .
the heat transfer from the .hot gases to the waterside, N

27. Inspect boiler door gaskets. - Replace them ‘if th '-do.notfﬁﬁo?.
vide a tight seal. . : e T

2

Y

.

\ﬁt\g_’%VENTILATmN | L L e
S VN C e - S R
- %1.. Adjust outside air intake. -:Return ‘air and mixed ajir damper
i controls %in winter to raise supply »ir temperature to a level .
E- “-between 649F and 70°F, dependingﬁon*thesconditions in the area - '

served by the system.

.- 2. Add a warm-up cycle to air handling units with outdoor air in--

. take. Keep_qutdoor:air,damperszc]osed;dgring.mOrning;bUﬁLding. e

., warm-up or cool-down so only:air -already in the 'building is - - = - .
...~ © conditioned. - A cycle can be incorporated using a two-circuit E

b e time clTock- to, control air damper and fan operation.. S

T Consider adding Variab]efy61ume_v315es and elim@mating terminal’
heaters. " - - - o . = RS

- - v »
- . . Lo =, . - o . L=
5
.
. . ~
o A
* 66 o~ , \’
o o
1

- #. . boiler by'bTowdan;in]orderer-contrQI-the]amoUntiof'sp11ds%and'_fy};"-“



. Inspect ductwork for air Teakage.

TReduce system resistance to air f]ow to a m1n1mum by rep]ac1ng

those duct sections and fittings.which impose unnecessary re-
sistance on the system; replacing dirty filters with adequately
sized filter media which have a high efficiency and low air flow~
resistance; - remov1ng unnecessary dampers and - other obstructions,
from ductwork, and replacing high-résistance inlets and outlets

| _w1th modern- gr111es -and d1ffusers prov1d1ng low res1stance.‘

=

Sea] all leaks by tap1ng or.

cau]kmng . . . . ,/. C e
..'If'pos ibl e permanently sea]ed w1ndows to reduce 1nf11tra-‘
, _t1on 1,v nes where th1s 1s a-very 1arge/energy user.

'7Insta1
. ‘Out“
.7 year with’ storm W1ndows added T

| Inspgct ductwork jnsulation.

A\single .36 sq ft window will save. 3. 5 million Btu._per

‘Z'Réplac -broken or cracked w1ndow panes. n:;' o

Condensatior on air handling sur-

f is a sign of inadequate or loose jnsulation. Repair or

.replace insulation as necessary.

10.

11.

12.

- 14,

: 15;7

13,
.. ’'necessary is exhausted.
.a ‘portion of.the hood, or. lowering, thg. hood; or reducing fan
" . speed, or utilizing a combination of these techn1ques in com-
pliance with app]1cabTe health regu]at1ons.a_ . Ca

CauTk, gasket, or otherwise weatherstrip a]] exterior Joints,
such as those ‘between wall and foundation or wall ‘and roof, and
between wall panels. : :

ACau]k gasket, or otherwise weatherstr1p a]] open1ngs, such as

those provided for.entrance of. electrical conduits, piping,
through-the-wall cooling and other un1ts, outside air 1ouvers,

o etc‘ - | RN

i

' Where pract1ca1, cover a]] w1ndpw and through -the-wall coollng

units when not in use. Specially designed covers can be ob-
ta1ned at re]at1ve1y Iow cost.

storm w1ndows throughout or doub]e glaze w1ndows through-5}7r'

If an exhaust hood is overs1zed, adJust 1t so no more air than Do

. This can. be -done: easi]y by blocking off

Modify duct system. and hoods t0 1ntroduce unheated outdoor or.
return a1r d1rect1y to the ‘exhaust hoods. =

Reduce or e11m1nate the need for using outdoor air for odor .
control by installing chem1ca1 or act1vated charc0a1'absorb1ng

: dev1ces.

5.8
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cr

B ] oo o
Consider

P well as provide better fresh air intake seftings. . .

17.

.18

E ) .1'9..

_'23...

ot

-

'~in§ta11-paff1és tb-prgveﬂt'wﬁﬁalfrOmfb1oﬂfhg;dfre6£1y\jhfofah :
" outdgor air intake.. ©= S

s -

e s

Supply Qentiléied?aiﬁ'fo’parkﬁnglgarégés-to‘leVeTS_1nd1cated by

-a CO2 monitoring System.

Consider insta1l%ng economizer/enthalpy controls on'air handling
Junits to,minimize cooling energy requirements by using proper

- - amounts of outdoor and-return:air .from "free cooling" when. =~

" possible; ‘Economizer ‘controls’ generally are used to provide -
- .'free" cooling: . Whenever the outdoor.air temperature is Tower
" than.the indcor. temperature; outddor-air is brought directly

21.

- . distance bétween{doots.be:prpvjdEd..

22

-.closing weatherstripped doors. - It i

cal codling system.. = . .

‘into conditioned spaces jnsteadvofrpeing;thgatedfby the;mechanjef‘

_ Enthalpy COﬁtroj§-hayégafsimilan?ﬁufp@ée;”b%z’aréfmbre,sopﬁis-
ticated and effectivVe. They -measure the total heat content of
outdoor air and return air and utilize proper amounts of each to

provide maximum energy benefits: . -."

Consider iﬁsfa]]ing.auiomatiéjdbbficibséhs:onaJ] doors 1éading

- to the exterior or unconditioned spaces. ..

" Consider installing a vesf{bule{for-thé f?oﬁt_eht}énéé'of-fﬂe
building, where practical. It should be.fitted with self- ..

Y

The valveés of steam headers’ in the boiler rpdm'fﬁat;éuppiyﬂéféﬁmil |
--> to unused individual air hand1ling.units_should be -kept in an-off. .

. position. This will reduce steam piping heat losses. - -

24,

>
<
4
g
N
oA
@ -
-
—
&
13
v .

21.

. 26,

5

‘Acquire the ééfv{éés-of*aztémbératuhe-contro] expert to check. .
-.and"adjust all system controls and to recommend modifications. -

‘Change fans and pumps from §feéh;fb;é1€ctr1§wmbto} de#ﬁceé to

permthreduétion;qf_steﬁm;pressure_Inimt]d weather, . e

e

. ;°.25. 'Install individual time clocks for each fan mit: ~ 7.l 4 "

s Install:a grille on the furnace room door to proy%de"adeQQEté;‘~jl

inside combustion.air, not outside air. i

Inspect air.va1Ves,1n_dua1-duét'miking:boxés;(an‘arEa in which

‘air of different temperatures and humidities are mixed). to en- )

sure full sealing and minimum air leakage. ..

. S
-
- -
S

Jinstalling new fresh air dampers. Many older ventila-.

- tion systems are designed with fresh air dampers which do not .
provide for accurate intake control.. These dampers.can be re-

. placed with high-quality, -opposed blade dampers with the proper -
- seals.at the blade edges and ends. .This will minimize air leaks

s'critical that sufficients -

Tan



. 28.

’729'.

" 30,.

e qu1re a11 of the exhaust fans to operate for proper vent11at1on.

3L

' 32.

33.

34.

W
- when. bua?d1ng %pnfﬁgurat1on pepm1ts, con51der 1psta111ng heat

in” ex1st1ng systems where thro
- flow,’ rev1se the fan drive or-the pump to requ1red f1ow w1th no
_thrott11ng T , -

s

Utilize ductwork access. openings to checkffor any obstruct1ons
_such as loosely, hanging insulation (in-1ined ducts), loosely

'turnIng vanes and accessories, and c]osed fire dampers AdJust

repair or reéplace as necessary.

-

Insta]] an automation system'to operate the vent11at1on un1ts so'

that supply air temperature.and return- air/fresh-air dampers can
be adjusted to.maintain the des1red space temperature 1n the
room. } : - .

Operate exhaust fans—on]y when needed. Consider separate time

clocks for these cycles. Some pressurized buildings may not re-.

V“Add controls to shut down -the vent11at10n system whenever a
-'bu11d1ng is ‘closed forlsp extended period of time, as during the

evening, weekends, “etc.y except when the econom1zer cycle is in

Increase the ventilation unit's summer m1xed air temperature to

‘m1n1m1ze the air conditioning, and reheat requ1rements. .

Fresh ajr makeup units should be designed so that the damper is
~closed. when the un1t 1s shut down. - J

-

Fresh air dampers installed in return air duct could eliminate |
the operation of the air cond1t1on1ng (except fan) dur1ng off-

E‘pEak seasons..

en _more than 10 000 cubic feet: per m1nute are 1nvo1ved and--

 recovery -devicds such-ds a rotary heat exchanger. - For some. .

jc11mat1c conditions an "enthalpy wheel," which permits. recoyvery
of some 75% of outdoor heat load dur1ng both heating and cooling

’_cyc1es, w111 be feas1b1e S oL _7 A%

‘ .

.. AdJUSt or replace a]] supp1y air temperatune gauges S0 that
:;~accurate vent11at1on ‘temperature can be'read and ma1nta1ned

To m1n1m1ze 1nf11trat1on;3ba1ance mechan1ca1 vent1]at1on and

i,prov1de bu11d1ng static pressure (the normal pressure which .
" exists inside that bu1Td1ng) control so that supp]y a1r quant1ty .
equals or exceeds exhaust air quant1ty j.‘. . ,

tt]qng 1s necessary “to, contro] o

- . ; e - : .-
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" E. COOLING

éo .
- during the summer-to the point where at least one space served
-, by #ach unit is warmer than desired. :

Replace tnefficient air conditioners. Néwer units may save as
much as 25% or.more on the energy consumed for the same cooling.

Increase the supply air tempp%atufe,on?all airfhandlihg units

Consider»ﬁnstafﬁing interlocks betwéen{thé'héafiné and coo]ing’“'

‘systems of each unit to prevent simultaneous heating and cool-
Jing. ’ - o T ,

Inspect the moisture-liquid indicator . on a regular basis. If
the color of the refrigerant indicates "wet," it means there is”
moisture jin the system. This is’a‘particularly critical problem
because it can cause improper -operation or costly damage. A

-competent mechanic should be called in to perform necessary
- adjustments and repairs immediately. Also, if there are bubbles

in the. refrigerant flow as seen through the moisture-1liquid.in-
dicator, -it may indicate that the system is low in refrigerant.
Call in a mechanic to add refrigerant if necessary and'to in- |

spect equipment for possible refrigerant 1eakage.

Reduce air flow to all areas tp"minima]]y;qtéeptable;]eve]}:

WHenAno Coo1ing loads areupresent;"éTose"off:con ducts and shut
down the cooling system. Reset hot deck according toheating

Toads -and operate-as a single-duct system.- When RO heating.
loads are present, follow the same procedure for heating ducts -

and hot deck. It should be noted that operating a dual-duct,
system as -a single-duct:system reduces air flow, resulting in

- ‘increased energy savings through- Towered fan speed requirements.

. ing one.pump only.

- Use al]eak deiector to check for refrigerantvand 0il -leaks .
_-around shaft seals, sight glasses, valve bonnets, flanges, flare
" connections, and the relief valve on the condenser -assembly, and
-dt pipe joints to equipment, valves, and instrumentation, .
; ‘_C‘.V‘ T o . , ..>- . - v o ,.-n ‘ * . .
Look for unusual compressor operation such as continuous running
-~ or.frequent ‘stopping and starting, either of-which may indicate
~ inefficient operatian. Determine .the cause and, if necessary,
correct.. - * | . ‘ o
-_Cheék*aﬁ1'¢9mpréssgr jéints‘fpr_leaﬁagé.f SeaTgas-necessary;-; -

~"Reduce’ secondary water flow during maximunt heating and. cooling: .
- periods: by pump throttling or, for dual-pump systems, by operat--

s 7
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11.

713,
: <'ma1nta1ned at an acceptab]e level in the coo11ng tower.

16.

17,

’ 'Fr.
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LIGHTING | R oo S R
1.

2.

3

‘. "Ffrm‘v-

5.

__)1osses agd heat ga1ns.r

2.

v .
et . - e e ]
L.

Insta]l 1nsu1at1on on’ a]] hot and ch111ed water p1pes, f1tt1ngs,
and valves ‘passing through uncond1t1oned spaces to minimize .heat

. 1_\.

'?Use water'treaﬁiant techn1ques 1f the ]oca] water suppTy 1eaves
-surface depos1ts«on the co11 NP . T

Perform tests to determ1ne if. solid concentrat)ons are be1ng

Determ1ne if there is-air. bypass from the tower outTet back to-
the-inlet. If. S0, bypass may be reduced through the add1t1on of .

baffles or h1gher d1scharge stacks
&\

) 15:% Cau1k open1ngs between un1t and w1ndows or wal1 frames

HObserve the no1sejnade by the system “Any " unusua] sounds could
‘1nd1cate a, prob]em Determ1ne the caq&e and correct .it.

Ch11]ers with water-coo1ed condensers shou]d haye the condenser
heads: removed annually and the tubes and waterbox.(the tank in
which the.tubes are immersed) cleaned. The waterside of the

| evaporator should be opened every: three years and c]eaned in the

same manner as the condenser.

- P RN
. v M . .
T —y N - - - .
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9 ] ) s .

PR o : F
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InstaiT a- desk 1amp for the 1nstructors 50 that “they can occupy
the c’aserOm w1thout a11 the—11ghts be1ng on.” = ,

‘Use energy-conserv1ng f]uorescent 1amps When relamp1ng, re~
- place 40-watt. fluorescent lamps with 35-watt lamps to achiéeve a
reduction in electrical energy consumption. These lamps save

' about 15% of the fixture' s electrical _energy.

| -
Lamp eff, c1ency deter1orates over the T1fe of a 1amp L1ght
— - output sMould bé checked -régularly by maintenance-personnel with -
-a calibrated light meter (a meter whic

- to-approximately. 70% of the original light output, relamp al]
fiXturés in the group at the same time.: This is also_.a good -

“time- to check whether a more eff1c1ent or Tower- wattage lamp TS )

su1tab1e. o o - -

1nsta11 tTmers on. gym ’#d fieTdhouse 11ght1ng system that w111
_ automatmca]]y shut off 1ghts after each class: _

Consxder the 1nsta1]at1 n of photo-cell and t1mec10ck/to opeﬁt;

some’ of the swqmming poo 11ghts dur1ng occup1ed hours < %
e . _ AN I

Pt -
- T 2 . 71
3 M T N
e - . *

3as . been adjusted -for =
accuracy). When the 1light output of a/ group of lamps has fallen

>

2



6. Lum1na1re eff1c1ency can be‘ma1nta1ned by proper]y c]ean1ng the
" reflecting surfaces and shielding media.. 'Replace .lens’ sh1e]d1ng
~that has yellowed or become hazy with a clear acrylic lens°with »
good nonye]]ow1ng properties. . For some app11cat1ons, a clear - S F

. glass lens can be considered. if it is compatible witth the ]um1n;

“aire and does not present-a safety.hazard. (Caution’s
used to .assure that an existing. 1um1na1re will safeiy supp rt
and.. ho&d the g]ass lens.)

7. Replace outdated or damaged luminaires w1th modern luminaires -
“that have good c]ean1ng capabilities and that use lamps w1th
‘ good Tumen ma1ntenance character1st1cs ..

_Cons1der rep]ac1ng present ]amps wtih those of ]ower wattage o
"that .provides' the same amount of illumination or- (if acceptable . KT
for the tasks involved) a Tower Jevel of illumination. (Chang-

ing the lens.or loRering the luminaire can often help facilitate

this option.) -:This method is part1cu1ar1y applicable where cur-

rent lighting levels are higher than recommended or where uni-

form lighting s the moet pract1ca] due to occupant density.

5 ,\90.-

Se]ect Iamps that are the most eff1C1ent, as measured in ‘Tumens
~ . .(a.unit of Tight output from a source) per watt, and that are
T . lcompat1b1e with the application. Compatibility with the .lumin-
aire, of course, is also essential. If some luminaire replace-
ment is to be undertaken, determination of 'the lamp type in- : .
volved should also be considered. In-.general, eff1c1enc1es of - - W
_~-lamp types/rank as follows,: in descend1ng order: _ .?%3 o,

W

- LUMENS -PER WATT (INCLUDIN L ‘\
“Smaller. .
. High-pressure sodium 84 - :
- Metal halide 67 * ﬁ
-“~Fluorescent + : 6% ‘
~,Mercury . .- : 44
'rdcandescent IE- IO 1z
R S
’ ’\;p{ Where poss1b1e, use a sang1e, 1arge¥ 1ﬂcandescent 1ampw¥a 1anp ‘5,- o
' in which 1ight is produced by heating oné substance-tp a’ “white . - .
. or red heatg rather than two_or more- smaller Jamps: < Higher= S
e " wattage. general seryice 1ncandescent Tamps - are. more:-. eff1ckent woa U

. . than Iower-wattage Tamps L N o
: 'Ei.~'Rev1se sw1tch C1rcu1ts to perm1t tur _ng off unused or unneces- _< N -
s . sary 11ght ) < 5 N

- : N b
-

12. ‘Avo1d mu?t11eve1 1amps The eff1c1éhcy of a. s1ng]e~wattage Iamp e

z ,is h1gher“per watt than a mu1t1]eye1 1amp - ‘ N

| 3;,‘ ‘-".' .:'_\_ '3’.:}4h”f -.. ,;_.i; : h'.v N 3_‘
i 9 DN e e T e

Y L 8;? T . o




' 13, Use extended service lamps in special cases. where short Tamp
- . 1ife.is a'problem, such’as recessed directional lights.” -

14, Consider‘using higher power factor ballasts when refitting.
15. Consider adding solid state dimming controls for incandescent
~ .luminaires #n multiple-purpose spaces which require more than
.one%}gvel of illuminatign. : S : e A
g k TEERRe L | o .
- 16. . Where appropriate, consider installing lenses which provide =~
. - special Tight distribution patterns to incredse lighting effect- -
o - . .dveness. As examples, linear batwing, radial batwing, parabolic
T ' <. Touvers, or polarizing lenses may provide better visibility with
the same or even reduced wattage. It is suggested .that competent
technical advice be obtained to evaluate where such lenses‘can

" . - be used most effectively. = -

17. Relocate Juminaires to provide light on task -areat at an éng]e-:

outside the zone which causes veiling reflections if relocation

o~

.of work station is impractical.

18. ConSidér Towering . luminaires so they will providé-fecommen&éd
~iTlumination levels on the task area at a reduced wattage.

- .. "18.: Replace all incandescent. parking Tighting with H.I.D. lamps. For
v« == - . example,’ Low Pressure Sodium, High Pressure Sodium or Mercury_ -
-, . ‘Vapor lamps. - - e 'hy::l\

" 20. -Replace the gym.incandescent 1ightidg Systems with mercury -
| - » vapor or other high efficiency source. S
~ 7 217 When natural ]jgﬁt is available in a bui]dfné,ftonsfdér-the“use o LRSI
-, .~ of photocell (a device which controls electricity by measuring =~ - ///’jf\j>
- .. -thecavailable 1ight).switching to turn off banks of lighting in N
-+ . areas where the natural 1ight is sufficient for the .task. -
) . . . . . ~ N .' . /_;\./ . T _‘
-~ . 22. Use photocells for. turning on-eXteffoq lights; use time clocks
o ~~ for turning off the exterior lights. ° = o S
e _23: Provide timers to aUtoma%ically tﬁrnfbff-1ights7in-rembté or
N ‘Jyseldomfuseq areas.. ..., - e

24 Pravide selective switching:. Initial cost’economics andy
- know]edge about final space subdivision often lead to. the

BRI X . . , eof
..+ . central-panel-hoards as the only meams of <ontyolTifg large § N o
- ~ blocks of lightling. This design approach precludes’ the poted- . - FR
e N tiaT for turning on on?y.the:amount of 1ightifng that is actudlly - . - _
e - needed after the space ha begnf;ubdiyzged,_ R ' : h
/ ¢ - . . . L - —"s
» .j : 8§ "/,‘ ~ -. &
- 73 L )
S ~ « v - \
< N N
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DOMESTIC WATER ;,Lu'ff-v:‘; . 'd,”-'. PR

1.

11.

. “Inspect water supply system and repa1r all 1eaks, 1nc1ud1ng
those at the faucets. o

. Use a gingle” system to meet: handwash1ng needs in to1Tets

Meet ho& water heat1ng needs from

a:' waste heat from’ 1nc1ner5tors or furnaces ' g
b. reJected heat of compression from refrigeration un1ts
c. waste condensate return from steam operated systems

Install shower head restr1cto€i in the gym locker rooms. R

_This may save' up-to 50% of’the hot water demand

. If watef'pressure exceeds 40 to 50 pounds, consider hav1ng a

plumber install a pressure reducing valve on the main service .to

,restr1ct the amount ofvhot water that flows from the tap.
2

fInspect and test hot water contro]s to determine if they are
_ work1ng properly. If not regulate, repair or replace.

Increase the amount of 1nsu1at1on 1nsta11ed on hot water pipes
and storage tanks or replace existing insulation w1th a type
having better thermal propert1es ("R" value). A :

‘Consider rep]ac1ng ex1st1ng hot water faucets w1th spray type

-faucets with flow restrictors wherever practical. Consult with

2 government 1nfection contro] comm1ttee before mak1ng mod1f1ca-

: t1on

&

If bo11ers are used as the primary heat source, for domestic hot
ter, install a boiler to match the load rather. than use an

~oversized heat1ng boiler all summer.

Insta]] a sma]l domest1c hot wawer heaterwto ma1nta1n the de-

- sired temﬁérature in the water sterage tanky This eliminates .
- the need for running one of the large space heater boilers at a =

. ~

very ]ow eff1ctenfy/dur1ng the summer onths

¢

'Cons1der arranging’ c1réu1at1ng pipework to m1nique the length
~of dead)Jegs cgnnect1ng to faucets ‘

. B T #
} Lo
. :
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CHAPTER 4 ¢ | =
" THE ACTION PLAN -

B

Being -ayare of the possibilities for saving eergy and money is only the |

,7b997nning step toward an energ§ management program. This book has

~ Presented many possible areas”in schools where savings may be achieved.
Now it 'js up to you)"the administrator or maintenance manager,.to get

.. th Wheels. N motion. and implement the applicable Maintenance and Opera-

' t13Q91,changes and Energy Measures. - An organjzed system of priorities
shodlq ‘pe establigped- to -decide where to focus your efforts. The work-

- Sheet. gnclosed in’ this Chapter is designed to help you organize your

- 1ist of prioritieg, - R | ;o

The fipst SLeP is to examine the no-cost Maintenahce and Operational
Changes™which Fit your school. Make a 1ist of the applicable ones,
schedy)e them, ang*assign responsibility for accomplishing them. Once

' these no.cost items have been implemented, a monthly review and update
of the Enerdy Management Form in Chapter 2 should be made to determine
whether energy is,”in fact, being saved as pregicted.

, Having accomplisheq the no-cost changes, the next step is to investigate
3. those Measures which do require a capital investment. Examine the List
- .Enﬁrgy Measures in Chapter 3 and choose those which appear to be most
sUited tg your school.. Turn to Chapter 2 to get the approach to calculat-
N9 the energy and cost Savings for the measures you have chosen.
Caleutate these measures and determine their simple payback times.
Then, aprange the tist in order-of shortest payback time first and .

- Tongest-payback time last. Assuming that budgets permit, the: list _
ShouTd then be examined item y item to determine if any further con- "
S€Mation of both energy and dollars can be made. |

. * COntinug to update the Energy Management Form'at regular, fréquent
- intervayg during the implementation of “your energy- conservation program.,
. That'Way, the reduced .consumption of fuel and/or electricity will become

rédl and you Will pe able to. demonstrate and verify the savings with
. your congumption measurements. - - 7

N .

L N
Y ‘ o ' . .'g . . e

Full Tt Provided by ERIC.

RIC .,



v  RESPONSIBILITY
CHANGE #  NAME & DEPT..
e mwe e’ ----------;-‘-

[+ -

1 -4-.-‘. ........ :

ENERGY CONSERVATION ACT ION PLAN

No-Cost Mamtenance And Operatwnal Changes

¢

- N'CONPLETiON |
. DATE & INITIAL

---------------

A A D S N -

---------------

--------------

\ .
re e r T LU L LY T )

5
&y
5
- REMARKS
£
---Mﬁ ---------------------------------------
--ﬂ-------------“‘----------- ST LT L LD LD Ll
1
~
3 ¢
i i 2 o 2 D s .-
----‘--.p--f --------------------------------------
'\ ¢



o gAY 8"
. ENERGY CONSERVATION ACTION PLAN
| Energy Measures Sl e "
‘ ." . . . | ‘ .. | . PAYBACK o ; ‘ 4* | . : “ ' -v_‘l ‘
PROJECT .. COST ~~PERIOD ~ RESPONSIBILITY COMPLETION  REMARKS
-(_-_‘ ----------------------------------- L Ry L - = -
Nar e e e rmmmmmmme e meeae
TEESSss weEsessce||| stcsces ssarssacssscss 0 ccscceseres 00 acascsssssceece- ; -—————
............... ‘ _@..--.._-- cducmnnnen———— Cr————— ' e o o e




